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Abstract
In the last few decades, the concept of a food desert has captured the attention of
the public and academia. Research has referred to food desert as an area with lack of
access to adequate healthy food, especially for those without a vehicle or who live more
than ¼ mile walking distance from grocery stores. Although the food desert metaphor has
been used in research in different disciplines such as regional planning and public health,
this term has been used loosely without a precise definition and without identifying the
factors that might impact it.
This research explores and examines the statistical association between
demographic and socioeconomic characteristics and the existence of food deserts and
access to unhealthy food outlets (e.g, fast food restaurants, convenience stores) in Wayne
County, Michigan. This study obtained the precise location of healthy food outlets (e.g.,
grocery stores) and unhealthy food outlets (e.g., fast food restaurants) based on SIC
codes, and U.S. Census data. The collected data were grouped into the distinct food oasis
and food desert zones and analyzed using a GIS-network analysis, and exploratory spatial
analysis, and a SPSS-statistical analysis. Another important goal of this research was to
create statistical models to assess the effect of the selected explanatory variables such as
race, level of income, and vehicle ownership on access to healthy food outlets in food
desert and food oasis. In other words, these models can be used to find out how much the
variables that have been selected can explain the type of food outlets, whether healthy or
unhealthy, and how much variance in food oasis and food deserts can be explained by the
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selected variables. Finally, this study examined whether the absence of healthy food
outlets leads to more geographical exposure to unhealthy food outlets.
This study has found that people of color and low-income populations are more
likely than White and high-income populations to be located in food desert areas.
However, ethnicity (Hispanic, Asian, and Arab) and gender (male, female) seemed to be
less important in impacting access to grocery stores as an example of proxy to healthy
outlets or fast food restaurants as an example of proxy to unhealthy food outlets based on
our suggested regression models.
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Chapter 1. Introduction
Over the last two decades, much research has been done to examine the existence
of “food deserts” in a variety of different disciplines such as public health, urban and
regional planning, and food environment, with data from several different developed
countries like United Kingdom, Australia, and Canada. According to Raja, Ma, and
Yadav (2008), the phrase food deserts had been used to describe neighborhoods with
limited access to healthy food outlets. Also, in some studies the “food deserts” term has
been used to refer to areas with a lack of access to supermarkets and retail outlets.
For example, Besharov, Bitler, and Haider, (2011) found that there are “fewer
healthy restaurant options in poor Los Angeles neighborhoods than in more affluent ones.
Powell, Chaloupka, and Bao (2007), using national data, found that poor and minority
neighborhoods have fewer chain supermarkets than do more affluent, whiter
neighborhoods. Rose and Richards (2004) found that food stamp recipients who live
closer to supermarkets consume more fruit and vegetables” (Besharov, Bitler, and Haider,
2011, p. 154).
These studies have attracted the attention of policymakers. According to
Cummins and Macintyre (2002) and Wrigley (2002), in the U.K. a government
commission issued a report stating that food deserts were a problem, which in turn led to
the introduction of a bill to study and exterminate the food desert problem (the 2001 Food
Poverty Eradication Bill). In the United States, the 2008 Farm Bill defined a food desert
as “an area in the United States with limited access to affordable and nutritious food,
particularly such an area composed of predominantly lower-income neighborhoods and
communities” (Food, Conservation, and Energy Act of 2008, p. 2039). The 2008 Farm

Bill further commissioned a report from the U.S. Department of Agriculture (USDA) that
would assess the occurrence of food deserts in the United States and recommend
measures to address their causes and effects (USDA, 2009). Besharov et al., (2011),
mentioned that in February 2010, the Obama Administration proposed a $400 million
Healthy Food Financing Initiative that, in part, would promote healthy food retailers to
move to underserved urban and rural communities; the announcement of the initiative
directly cited the prevalence of food deserts as its motivation (U.S. Department of Health
and Human Services, 2010). Several states have also launched policy efforts aimed at
increasing access to healthy food.
Despite the importance of the food deserts issue, there is still limited research on
the precise nature, extent, and location of food deserts, disparities in access to the healthy
food outlets, and socioeconomic and demographic factors that contribute in forming food
desert areas. Without developing a “nuanced and empirically substantiated understanding
of inadequacies and disparities in the neighborhood food environments, it is difficult to
fulfill the charge of devising comprehensive planning solutions to tackle neighborhood
food insecurity, improve public health” (Raja et al., 2008, p. 469).
Overall, after all the research that has been done about this issue, very little
progress has been made at understanding why food deserts exist and what are the
socioeconomic and demographic factors that shape food deserts neighborhoods (Walker,
Keane, & Burke, 2010). Thus, it is vital to explore the relationship between
socioeconomic and demographic characteristics and how these factors influence the
existence of food deserts. In other words, identifying the socioeconomic and
demographic factors that shape the food deserts neighborhood could help to develop a
2

systemic understanding of why food deserts exist and what the roles of socioeconomic
and demographic characteristics in food deserts areas are.
This study attempted to assess any possible relationships between socioeconomic
characteristics, such as household income and vehicle ownership , and demographic
characteristics, such as race, ethnicity, gender, and population density, and access to
healthy food in food desert and food oasis areas. Also, this research examined whether
the socioeconomic and demographic characteristics are different between food oasis,
which are defined as areas where residents have good access by walking to grocery stores
(Stilley, 2012), and food deserts, which are defined as areas where residents have limited
access to healthy food outlets. Moreover, this study explored whether the people who live
in food deserts have less access to vehicles than people who live in food oasis.
Furthermore, this research developed several regression models to examine the
relationship between the variables of socioeconomic and demographic characteristics and
access to healthy food outlets in food desert and food oasis. Also, the regression models
used to find out how the explanatory variables can impact the access to healthy food or
unhealthy food outlets in food oasis and food desert areas.
Finally, this study examined whether the absence of grocery stores in food desert
and food oasis areas could leads to more geographical exposure to unhealthy food outlets.
Several studies showed that people who live in the food deserts zones experience
physical barriers (e.g., access to walking or biking trails in the street) and economic
barriers (e.g., low income) to access healthy food (McEntee & Agyeman, 2010). Also,
socioeconomic characteristics such as low-income and minority status have been
associated with food desert areas. Furthermore, a review of the literature showed that the
3

existence of a food desert could increase the risk of exposure to unhealthy food outlets
such as fast food restaurants and convenience stores (Jiao, 2010; Morland Wing, Roux, &
Poole, 2002; Gordon, Purciel-Hill, Ghai, Kaufman, Graham, & Wye, 2011).
This document is divided into five chapters. Chapter 1 includes the problem
statement, nature and significance of the problem, objectives of the study, research
questions/hypotheses, limitations and delimitation, and research assumptions. Chapter 2
focuses on a review of the published literature related to food access, food deserts, and
GIS as interdisciplinary study. Chapter 3 addresses research design and the particular
method that the researcher employs to answer the research questions and hypotheses.
Chapter 4 presents the findings and results of the study. Finally, Chapter 5 provides the
research conclusions and recommendations for future research directions.
Nature and Significance of the Problem
The National Research Council (1999) has defined environmental justice as “fair
treatment and meaningful involvement of all people regardless of race, ethnicity, income,
national origin, or educational level in the development, implementation, and
enforcement of environmental laws, regulations, and policies” (p. 1). Although
environmental justice has traditionally fought against toxic landfills in economically
distressed areas, recent movements have recognized food justice as a vital element in
environmental justice. Environmental justice can be “applied to inequitable distribution
of unhealthy food sources across socioeconomic and ethnic strata” (Hilmers, 2012, p.
1644).
One recent study showed that access to food and the existence of food deserts
have become “important policy issues in public health and urban planning” (Jiao, 2010,
4

p. 55). The term food desert is defined as an area where residents have limited access to
healthy food due to lack of store availability or accessibility (Rigby, Woodhouse, Young,
& Burton, 2001). The food desert describes an area where some form of food insecurities
takes place (Opfer, 2010). “The presence of food deserts as a contributor to hunger and
poor nutrition in the United States has recently become a cause for concern, having
spawned many studies” (Hubley, 2011, p. 1224). In a study by McEntee and Agyeman
(2010), it was determined that people who live in disadvantaged neighborhoods that are
also food deserts experience physical and economic barriers to accessing healthy food.
Growing numbers of Americans are facing an increasing risk of financial hardships
resulting in food insecurity. Moreover, Gordon et al. (2011) stated that socioeconomic
characteristics such as income and race have been correlated with food desert areas. The
study mentioned that the existence of food deserts could increase the risk of exposure to
unhealthy food outlets such as fast food restaurants and convenience stores. Recent
research on food deserts has focused on low-income and under-resourced neighborhoods
for two main reasons. First, residents have limited access to transportation options either
by bus or car. Second, they have a limited budget for food.
Food swamps is another term used by some researchers to describe
neighborhoods that have easier access to less healthy foods than to healthy foods. Ver
Ploeg (2010) stated that more accessible energy-dense food, which is cheap and
convenient, may “swamp out” healthier choices. Morland et al. (2002) concluded that the
foods that are not typically considered part of a healthy diet are more available than
healthier food choices in low-income neighborhoods. Not to mention that fast-food
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restaurants are much more common in disadvantaged low- and medium-income
neighborhoods than in wealthy neighborhoods.
Additionally, Sharkey (2009) stated that residents in low-income neighborhoods
have easier access to fast food restaurants, convenience stores, and dollar stores rather
than to full-service stores with healthier choices for their daily nutrition. Also, the study
illustrated that — taking population density into account — families located in highly
deprived neighborhoods have to travel significantly farther to reach supermarkets and
grocery stores with healthier options.
The significance of food deserts is framed as a public health issue. By looking at
the food desert issue from this angle, we see that the study of food deserts becomes more
relevant to understanding the rising rate of some epidemic diseases such as obesity. The
USDA study related to food deserts (2009) found a relationship between exposure to
unhealthy food outlets such as fast food restaurants and health issues such as high Body
Mass Index (BMI) and obesity. Also, limited access to supermarkets in the United States
has been linked with poor quality diets (Hubley, 2011). The problem of lacking easy
access to healthy food takes a new direction, and instead of focusing on how inaccessible
affordable healthy food is, it focuses on how unhealthy food is much easier to obtain.
Opfer (2012) pointed out some reasons why unhealthy food is much easier to access than
healthy food, among them that unhealthy food is “less expensive, requires less time to
prepare, and is nearby” (p. 8).
In this study, access to unhealthy food outlets is represented by restaurants with
limited serves, fast food restaurants, and convenience stores (Powell et al., 2011). The
growth of the fast food industry has been an important environmental inducement for
6

increased food consumption. In the last 20 years, the percentage of calories attributable to
fast food consumption has increased from 3% to 12% of total calories consumed in the
United States. U.S spending on fast food has risen from $6 billion to $110 billion over the
last 30 years (Block, Scribner, & DeSalvo , 2004).
The outcome of this study will help public health workers, policymakers, urban
planners, state and local governments, and environmental justice activists and scholars to
pay more attention to the food desert problem as a food security issue in the United
States. Cutter (1995) pointed out that public policy decisions are governed by the concept
of fairness to future generations, so that our children and grandchildren will have the
same access to resources and the same quality of life that we do. Environmental justice
encompasses “political action and social mobilization that marshals public and private
commitment to change. By merging environmental, social equality and civil-rights
movements into one potent political force, environmental justice advocates have
considerable influence on public policy at all levels” (p. 113). Also, the findings of this
study will help to analyze the relationship between demographic and socioeconomic
characteristics and the severity of food deserts in Michigan.
Statement of the Problem
The relationship between the demographic characteristics and socioeconomic
status of families and access to healthy food has not been adequately explored. This
research attempted to fill that gap and expand our knowledge and understanding in this
field.

7

Objective of the Research
This study examined the possible relationship between demographics such as
race, ethnicity, gender, population density, and socioeconomic characteristics such as
household income, vehicle ownership and access to healthy food outlets (e.g., grocery
stores) in food desert and food oasis by using a GIS-based systemic analysis.
In addition, this study examined the measurement of pedestrian access to healthy
food within ¼ mile and ½ mile in order to find out if there are any significant differences
in socioeconomic and demographic characteristic of the two networks. Moreover, this
study identified unhealthy food access in order to examine the relationship between the
food deserts and greater geographical exposure to restaurants with limited serves, fast
food restaurants, and convenience stores. Furthermore, the study examined whether the
people who live within food desert networks have less access to vehicles compare to
people who live in food oasis area.
Finally, this study attempted to develop regression models to explore the factors
that impact access to healthy food outlets in food deserts and food oasis areas. Some of
the factors that contribute to the severity of food deserts are lack of access to healthy food
outlets, easier access to unhealthy food outlets (e.g., fast food restaurants and
convenience stores), and lack of access to a car as a mode of transportation. Also, this
study examined the relationship between socioeconomic and demographic characteristics
and access to the healthy food outlets in food oasis and food deserts areas. In other words,
this study attempted to expand the focus of environmental justice from environmental
hazards and toxic exposure to issues of food justice and the ability to access healthy
outlets.
8

Research Questions
Q1: What is the relationship between the demographic characteristics (race, ethnicity, and
gender) and access to healthy food outlets in food oasis and food deserts areas?
Q2: What is the relationship between the socioeconomic characteristics (household
income levels, vehicle ownership) and access to healthy food outlets in food oasis and
food desert areas?
Q3: Are there any significant differences in the demographic and socioeconomic
characteristics between food oasis and food desert areas?
Q4: Is there any possible relationship between the existence of food desert and more
geographical exposure to unhealthy food outlets such as fast food restaurants, liquor
stores, and convenience stores?
Q5: Can a quantitative regression model be formulated to explore the relationship
between the socioeconomic and demographic characteristics and the existence of food
desert and food oasis?
Research Hypotheses


The following hypotheses were tested in a ¼ mile network-based walkable area
around healthy food outlets, e.g., grocery stores (food oasis):

H01: There is no significant relationship between access to healthy food outlets in food
oasis areas and race (White, Black) in the Wayne County area.
H02: There is no significant relationship between access to healthy food outlets in food
oasis areas and ethnicity (Hispanic, Asian, and Arab) in the Wayne County area.
H03: There is no significant relationship between access to healthy food outlets in food
oasis areas and gender (male, female) in the Wayne County area.
9

H04: There is no significant relationship between access to healthy food outlets in food
oasis areas and socioeconomic characteristics (level of household income, vehicle
ownership) in the Wayne County area.
H05: There is no significant relationship between race (Black, White) and more
geographical exposure to unhealthy food outlets such as fast food restaurants, liquor
stores, and convenience store in food oasis areas.
H06: There is no significant relationship between ethnicity (Hispanic, Asian, and Arab)
and more geographical exposure to unhealthy food outlets such as fast food restaurants,
liquor stores, and convenience stores in food oasis areas.


The following hypotheses were tested in a ½ mile network-based walkable area
around healthy food outlets, e.g., grocery stores (food desert):

H07: There is no significant relationship between access to healthy food outlets in food
desert areas and race (White, Black) in the Wayne County area.
H08: There is no significant relationship between access to healthy food outlets in food
desert areas and ethnicity (Hispanic, Asian, and Arab) in the Wayne County area.
H09: There is no significant relationship between access to healthy food outlets in food
desert areas and gender (male, female) in the Wayne County area.
H010: There is no significant relationship between access to healthy food outlets in food
desert areas and socioeconomic characteristics (level of household income, vehicle
ownership) in the Wayne County area.
H011: There is no significant relationship between race (Black, White) and more
geographical exposure to unhealthy food outlets such as fast food restaurants, liquor
stores, and convenience stores in food deserts.
10

H012: There is no significant relationship between ethnicity (Hispanic, Asian, and Arab)
and more geographical exposure to unhealthy food outlets such as fast food restaurants,
liquor stores, and convenience stores in food deserts.
Limitations and delimitations
This study is limited in area to Wayne County, Michigan. Also, this study area is
limited by the measurement level of the data to census tracts in Wayne County,
Michigan. This research limited the source of demographic and socioeconomic
information to the 2010 Census Bureau data because of the reflection of accurate data.
The socioeconomic characteristics in this study are restricted to household income and
vehicle ownership. The demographic data are limited to race, ethnicity, gender, and
population density.
The healthy food outlets data that have been included in this study were obtained
from Reference USA database. This study delimited the healthy food outlets to the
following SIC codes: 541105, 541101, 541104, 543102, 581209, 543101, and 542107.
Since it is still hard to tell if these grocery stores are the only stores within the study
areas, this study limited to the SIC code USA reference database. Finally, this study
delimited the unhealthy food outlets to the following SIC codes: 592104, 541103,
592102, 592103, 546105, 581222, 581208, and 581219.
Assumptions
It is assumed that all the secondary data that have been used are accurate.
It is assumed that grocery-retail, food market, food products-retail, farm market,
delicatessens, fruits and vegetables produce-retail, and meat-retail are representing
healthy food outlet.
11

It is assumed that the restaurant with limited services, fast food restaurant, convenience
store, and liquor store are representing unhealthy food outlets.
Definition of Terms
Environmental justice: Higgs and Langford (2009) defined environmental justice as “a
concept that promotes the equitable treatment of people of all races, incomes and cultures
with respect to environmental laws, regulations, policies and decisions” (p. 63).
Food desert: a lack of access to adequate healthy food, especially for those without cars
or access to public transportation (Hallett & McDermott, 2011), or more than a ¼ mile
journey to grocery stores.
Food oasis: ¼ mile journey or less to a grocery store via foot (Stilley, 2012). This study
adopted ½ mile walking distance to grocery stores.
Demographic characteristics: restricted to race, ethnicity, gender, and population
density.
Socioeconomic characteristics: household income and vehicle ownership (Berkman &
Macintrye, 1997).
Geographic Information System (GIS): “a computer system capable of assembling,
storing, manipulating, and displaying geographically referenced information, i.e., data
identified according to their locations” (Yeung & Lo, 2002, p. 2).
Grocery store or supermarket: “stores stocking fresh meat, wheat-based Western style
bread, fruits, vegetables, and dairy milk, and had no required membership (free access)”
(Smoyer-Tomic et al., 2008, p. 742).
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Fast food restaurant: “chain restaurants that have two or more of the following
characteristics: expedited food service, takeout businesses, limited or no wait staff, and
payment tendered prior to receiving food” (Block et al., 2004, p. 212).
Convenience store: stores such as gas stations and liquor stores “tend to carry mainly
processed forms of food versus unprocessed staple forms” (Burns & Inglis, 2007, p. 13).
Healthy food outlets: healthy food outlets represent grocery-retail, food market, food
products-retail, farm market, delicatessens, fruits and vegetables produce-retail, and
meat-retail (Powell et al., 2011). Also, the number of these categories existing within
food oasis and food desert areas represent the access to healthy food outlets.
Unhealthy food outlets: unhealthy food outlets represent beer and Ale-retail,
convenience stores, liquors-retail, win-retail, food-carry out, pizza, restaurants with
limited service, and sandwiches (Powell et al., 2011). Also, the number of these
categories existing within food oasis and food desert areas represent the access to
unhealthy food outlets.
Summary
This chapter provides a brief introduction to the background of food deserts and
food justice. It also provides a detailed explanation of the significance of the study and
the main objectives. Further, this chapter states the research questions and the hypothesis.
In Chapter 2, the related literature will be analyzed.
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Chapter 2. Review of the Literature and Background
Environmental justice theory is formulated on the idea of opposing environmental
discrimination in any form. This chapter attempts to review the literature that examines
environmental justice and investigates the factors that impact it. Moreover, the body of
literature illustrates that the concept of food desert is defined as unequal access to healthy
food for a particular group of people and could be recognized as one of the factors that
needs special attention from environmental justice activists. In other words, this study
attempts to expand the focus of environmental justice from environmental hazards and
toxic exposures to issues of food environment by examining food access, the
relationships of socioeconomic status, and the severity of food deserts. The first part of
this chapter will analyze the studies related to environmental justice and to the
introduction of food deserts as an important variable in the environmental justice
movement. Finally this section will discuss the Geographic Information System (GIS)
and GIS applications in interdisciplinary studies.
Environmental Justice
“Environmental justice is the equal protection and meaningful involvement of all
people with respect to the development, implementation and enforcement of
environmental laws, regulations and policies and the equitable distribution of
environmental benefits” (Agyman, 2005). In other words, environmental justice requires
that everyone should have an equal share of environmental benefits and burdens.
Although the most common term to refer to this in the United States is environmental
justice, a variety of names are assigned to environmental justice outside of the United
States, such as “liberation ecologies, subaltern environmentalism, global South
14

environmentalisms, environmentalism of the poor, etc…” (Agyman, 2005, p. 25). Higgs
and Langford (2009) defined environmental justice as “a concept that promotes the
equitable treatment of people of all races, incomes and cultures with respect to
environmental laws, regulations, policies and decisions” (p. 63). A healthy environment
is a basic right that all the Earth’s inhabitants share, a right reaffirmed by the Rio
declaration (UN, 1992). Moreover, environmental justice can be understood as a “local,
grassroots, or ‘bottom-up’ community reaction to external threats to health of the
community” (Agyman, 2005, p. 1).
In contrast to the environmental justice that seeks equal distribution of
environmental resources, environmental discrimination will occur when the
environmental resources and benefits are not equally distributed among people from
different groups or when a particular group of people are exposed to more environmental
dangers and health hazards than the rest of the population. While the environmental
justice movement is best known for protests against site discrimination, many activists
adopt a much broader approach. Often grounded in “their own experiences as victims of
environmental racism,” activists have worked toward pollution prevention and the
internalization of the costs of production by the companies responsible so that no
community should suffer the health effects of environmental toxins. Environmental
justice scholars have successfully documented the unequal distribution of environmental
toxins through which low-income people and people of color bear the health burdens of
environmental degradation (United Church of Christ, 1987). These communities have
organized numerous campaigns against the companies responsible. Similarities in these
cases shed light on an environmental justice frame (Capek, 1993) linking distribution of
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environmental toxins to a culturally resonant civil rights rhetoric. In other words, in order
to eliminate environmental discrimination environmental justice has been introduced to
“[affirm] the sacredness of Mother Earth, ecological unity and the interdependence of all
species, and the right to be free from ecological destruction. Environmental justice calls
for universal protection from extraction, production and disposal of toxic/hazardous
wastes and poisons that threaten the fundamental right to clean air, land, water and food.
Environmental justice affirms the fundamental right to political, economic, cultural and
environmental self-determination to all peoples. Environmental justice affirms the need
for an urban and rural ecology to clean up and rebuild our cities and rural areas in balance
with nature, honoring the cultural integrity of all our communities, and providing fair
access for all to the full range of resources. Environmental justice opposes military
occupations, repression and exploitation of lands, peoples and cultures” (Reed, 2009, p.
29). Although “the environmental justice policy is based on the basic principle that all
people have a right to be protected from environmental pollution and to live in and enjoy
a clean and healthful environment,” several studies have shown that the minorities and
low-income people have greater exposure to environmental risks that lead to greater
health problems (Agyman, 2005; Higgs & Langford, 2008; Cutter, 1995).
Not only does environmental justice focus on fair distribution of environmental
resources, it also fights against inequitable distribution of toxic pollution. It applies to the
fight against the inequitable distribution of unhealthy food sources across socioeconomic
and ethnic strata (Hilmers, Hilmers,& Dave, 2012). In other words, any environmental
factors that restrict access to healthy food and thus endanger people’s health could form
environmental discrimination. One such environmental factor is the built environment.
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This factor has been used among researchers as a determinant of urban health inequality
and to discuss the factors that affect public health, such as healthy food access,
transportation access, walkability, bikability, and so on. Another factor that could lead to
urban health inequality and affect public health is a social geography that creates the
landscape of risk. Social inequalities have been impacted by factors such as classism,
racism, and sexism. In addition, there is a growing focus on the built environment as a
“determinant of urban health inequality and concomitantly as a setting for public health
intervention” (Masuda &Crabtree, 2010, p. 657).
Regardless of the central importance of food to human health and the broadreaching frame of the environmental justice movement, the literature devotes limited
attention to food access. If access to fresh and healthy food could impact the health of
people unevenly, it should be considered as an environmental discrimination factor that
needs attention from environmental justice. For instance, according to Alkon and
Norgaard (2009), most people who live in inner-city areas face tremendous access
barriers to fresh fruits and vegetables, particularly in the neighborhoods populated by
low-income people and people of color, and that could disproportionately impact their
health.
Activists in the environmental justice movement use the phrase “food justice” to
indicate that food security should be considered a human right, according to Alkon and
Norgaard (2009). Since the “food security” approach first highlighted by Gottieb and
Fisher (1996) more than a decade ago, few environmental justice scholars have
incorporated food or nutrition in their analyses. Although some studies (Adamson, Evans,
& Stein, 2002) focus on agricultural examination from toxic distribution and show that
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the people of color are more exposed to toxic hazards, there is no focus on food security.
Another example that pays attention to food security is a study of environmental justice
in Native American communities that deals with access to wild salmon as a source of
food and wildlife protection. This study tends to focus on the salmon’s importance for
Native American culture rather than its significance as healthy food. While the cultural
significance of salmon is fundamental, these analyses ignore its consequences for Native
American health (Alkon & Norgaard, 2009).
Food accessibility, a concept that is known as “food justice,” is very important
and could impact people’s health. Alkon and Norgaard (2009) state “the concept of food
justice, offered as a conceptual extension of the more inclusive idea of environmental
justice…sheds light on how the food system has been shaped by institutionalized racism”
(p. 293). Food access inequities highlight how the experience of living in poorer
communities is hugely different from the experience of living in wealthier ones and that
these differences can lead to increased chronic conditions such as obesity and diabetes
and can shorten life spans. Food access inequity is not only impacted by all types of food
stores; it is also influenced by broader inequities in economic investment, political and
economic power, and health that the food desert issue highlights (Block, Scribner, &
DeSalvo, 2012, p. 204). This study aims to incorporate food access and food deserts as
some of the factors affecting healthy food choices, which affect public health and,
consequently, the movement of environmental justice.
Food desert is a term that draws our attention to the spatial inequalities in
accessing adequate and healthy food. It is widely used as a way of characterizing
impoverished neighborhoods and districts of cities that have very poor food environments
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and where there is limited access to healthy food by particular groups of people
(Hinrichs, 2010).
Geographic Information System (GIS) has been used in environmental justice
studies in recent decades to identify areas of spatial environmental discrimination toward
minorities and low-income people such as food deserts. This study uses GIS within an
environmental justice framework to understand how the existence of food deserts, access
to healthy food, and access to unhealthy food outlets (namely fast food restaurants and
convenience stores) are distributed across communities. It also considers how this spatial
distribution impacts people of different socioeconomic levels. In other words, this study
attempts to examine the relationship between socioeconomic characteristics and the
severity of food deserts and spatial variability of this relationship. Moreover, since there
is a new movement considering food security for all people as a part of environmental
justice, this study will contribute to the limited literature on environmental justice theory.
In order to examine how food access is a component of environmental justice, this
study analyzed the literature that discusses the factors that contribute to the appearance of
food deserts and how people with different demographic and socioeconomic levels have
been affected by the severity of food deserts.
In the following sections, this study reviewed the literature that relates to the
factors that shape food deserts, such as access to healthy food outlets (e.g., grocery stores
and fruits and vegetables produce-retail), access to unhealthy food outlets (e.g., fast food
restaurants and convenience stores), and demographic and socioeconomic characteristics
such as vehicle ownership .
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Food Desert
The term food desert was first used in the early 1990s in Scotland by a resident of
a public housing project; since that time, the phrase has been used widely by different
researchers, academic scholars, governments, and private reports. The term food desert
relates to food insecurity in a particular geographic area. The food desert metaphor is
used to “describe the difficulties that residents in disadvantaged neighborhoods may have
in accessing food items, particularly a wide selection of healthy foods” (Coyle &
Flowerdew, 2011, p. 3). Several studies related to food deserts emphasized that this is a
phenomenon in many developed countries such as Britain, Canada, Australia, and the
United States (Block et al., 2004; Rigby et al, 2001; Burns & Inglis, 2007; Smoyer et al.,
2008; Hallett IV & MaDermott, 2011; Beaulac, Kristjansson & Cummins, 2009; Whelan,
Wrigley, Warm, & Cannings, 2002; Bader, Alishire, Morenoff, & House, 2010; Hubley,
2011; Ball, Timperio, & Crawford, 2008).
According to McEntee and Agyeman (2010), the first application of the term food
desert was made by a resident in public housing who used it to “capture the experience of
what it was like to live in a deprived neighborhood where food was expensive and
relatively unavailable” (p. 156). Since then, its common usage has continued to be
primarily qualitative. The phrase food desert has been widely employed by politicians to
highlight poverty, social exclusion, and areas with non-existent and/or poor food retail
provision (McEntee & Agyeman, 2010). In addition, food desert is often applied to “inner
cities when they have few or no food stores, or at least few retailers selling healthy food”
(Coyle & Flowerdew, 2011, p. 1). Moreover, the term food deserts has been explained as
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‘‘areas of relative exclusion where people experience physical and economic barriers to
accessing healthy food” (Cummins & Macintyre, 2002, p. 436).
Also, food desert has been widely used to describe areas where “low-income
residents of color do not have access to healthy and affordable food and where fast food
restaurants dominate the landscape” (Gordon et al., 2011). A different study by Hubley
(2011) mentions that the food desert is “a populated area with deficient access to the most
well-stocked outlets, the large stores or supermarkets that usually provide abundant, good
quality, low priced food choices” (p. 1224). Supermarkets are considered desirable
because they can provide lower prices and greater variety of food.
GIS is increasingly being used to bridge public health research with
neighborhood-level information in multiple disciplines. In the last few decades there have
been a lot of studies attempting to focus on the issue of food deserts. For example,
Pearce, Witten, & Bartie (2006) used GIS to measure the distance from every meshblock
(smallest dissemination unit used in New Zealand) to 16 specific community resources
over a road network. Since the issue of food deserts has been framed as a public health
issue in many studies, GIS has been used to explore spatial patterns of particulate matter
related to environmental justice in neighborhoods. The ability to measure food access
reliably becomes increasingly important in resource management for planning
intervention strategies (McEntee & Agyeman, 2010). This study will recognize the issue
of food deserts as one of the factors that needs to be considered by environmental justice
theory and will utilize GIS to identify any possible food deserts in the five most
populated cities in the State of Michigan.
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Access to Healthy Food Outlets
In order to identify food desert areas, we need to define access to healthy food,
which is known as food security. In other words, the absence of food security will be
identified as a food desert. Moreover, food security is an important element that should
be considered by environmental justice. Access to healthy food has become a central
tenet of contemporary food security definitions. The term food security has been used
widely and associated with hunger and food access issues. According to McEntee and
Agyeman (2010), food security means “secure access at all times to sufficient food” and
the guarantee of “access by all people at all times to enough food for an active and
healthy life” (p. 8). The leading urban-based studies on the subject of food security
attempt to quantify it, and they have developed a method to measure the access to healthy
food outlets in a neighborhood. Any neighborhood that has a reasonably walkable
distance, “variously cited as 500 or 1000 m, 1 km, or half a mile,” to a grocery store is
considered a neighborhood that has access to a healthy food outlet. For rural studies in
the United States, “ten miles is a common measure of acceptable distance to a food outlet
such as a supermarket” (Hubley, 2011, p. 1224). Food retailers constitute common factors
that are included in the studies that examine community resources. Usually researchers
use a supermarket as the main healthy food outlet measurement because a full-service
supermarket is much more likely to “carry a variety of fresh foods and healthful produce.
Convenience marts and liquor stores have little or no healthful food; farmers’ markets
will but they tend to be seasonal” (Hinrichs, 2010, p. 14).

22

Access to Unhealthy Food Outlets
Several studies have shown that the absence of accessible healthy food will cause
the growth of the number of fast food restaurants and convenience stores, which will
influence the public health (Galvez et al., 2008; Kwate et al., 2009; Powell et al., 2007;
Moore & Roux, 2006).
In this study, fast food restaurants are defined as “take-away or take-out
providers, often with a ‘drive-thru’ service which allows customers to order and pick up
food from their cars; but most also have a seating area in which customers can eat the
food on the premises” (Hilmers et al., 2012, p. 1644). Moreover, convenience stores are
defined as “retail stores that sell a combination of gasoline, fast foods, soft drinks, dairy
products, beer, cigarettes, publications, grocery items, snacks, and nonfood items” (p.
1644).
Reidpath, Burns, Garrard, Mahoney, and Townsend (2002) found that Black and
low-income neighborhoods have higher geographical exposure to fast food restaurants.
Their study illustrated that residents of the lowest-income neighborhood had 2.5 times
more exposure to fast food restaurants than those living in wealthier neighborhoods.
Another study by Block et al.
(2004) confirmed that the fast food restaurants are more commonly located in
Black and low-income neighborhoods. Both studies suggest that the geographical
exposure to fast food restaurants and convenience stores could contribute to the high
prevalence of obesity in Black and low-income populations. In other words, the
geographical distribution of fast food restaurants and healthy food outlets as a construct
of the built environments could shape the residential heath and contribute to racial
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disparities in public health. Moreover, Zenk et al. (2005) have stated that the
economically and socially disadvantaged neighborhoods have inadequate access to
healthy foods, which negatively affects dietary quality and health and leads to
environmental injustice.
Fast food is an important element that shapes our food environment. The growth
of the fast food industry has been an important environmental motive for increased food
consumption. In the last 20 years, the percentage of calories attributable to fast food
consumption has increased from 3% to 12% of total calories consumed in the United
States. U.S. spending on fast food has risen from $6 billion to $110 billion over the last
30 years (Block et al., 2004). Another study by Shaw (2012) suggested that the
neighborhoods that face physical and socioeconomic barriers are more likely to have
residents at high risk of obesity and long-term diseases such as cancer and type 2
diabetes. The higher prevalence of obesity among low-income and minority populations
has been related to their limited access to healthy foods and to a higher density of fast
food outlets and convenience stores where they live. These environmental barriers to a
healthy lifestyle represent a significant challenge to ethnic minorities and underserved
populations and violate the principle of fair treatment guaranteed by environmental
justice. Several studies have investigated disparities in the distribution of neighborhood
vegetation, the proximity of residences to playgrounds, and the accessibility of
supermarkets and grocery stores. However, few studies have been done to examine
access to fast food outlets and convenience stores in disadvantaged socioeconomic
neighborhoods (Hilmers et al., 2012).
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For instance, Gordon et al. (2011) performed a cross-sectional study on north and
central Brooklyn and east and central Harlem, NY, examining the neighborhood food
environment (fast food outlets, supermarkets, and bodegas) and concluding that the lowincome African-American block groups had a significantly lower proportion of healthy
stores and greater accessibility to fast food outlets.
Another study by Lee et al. (2010) in urban areas of Kansas City, MO, and
Honolulu, HI, examined the access to convenience stores, groceries/retail stores, and
public markets and discovered that convenience stores were more prevalent in the most
deprived areas of Kansas and Honolulu. Also, Sharkey, and Horel (2008) found that
increased neighborhood deprivation was associated with greater accessibility of
convenience stores. For these reasons, it is very important to pay attention to the
distribution of fast food restaurants and convenience stores as an indicator of built
environment that could impact public health adversely. This study attempts to find any
relationship between fast food restaurants and convenience stores as representative of
unhealthy food, while food deserts are representative of the nonexistence of healthy food
outlets.
Access to Transportation
The introduction of changes in the geography of food retailing in the 1980s forced
people to depend more on cars as the main transportation mode for grocery shopping. In
the 1980s retail stores increased in size, and they experienced a need for larger sites with
plenty of space for parking. Due to this requirement, giant supermarkets were born on the
outskirts of cities. Since the new supermarkets’ prices were more competitive, the small
in-town grocery stores closed and relocated to the edge of town (Coyle & Flowerdew,
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2011). As a result of the relocation of retail stores — considered the main access to
healthy food — to the outskirts of town, people were forced to depend more on cars and
public transportation. This put the minorities without cars at a disadvantage.
Coyle and Flowerdew (2011) stated that these geographical changes to food
retailers made it more difficult for disadvantaged neighborhoods to reach healthy food. It
forced them to not only make a longer shopping trip but also to obtain their necessities
from inferior food shops that were closer and more accessible. Another study by Scheiner
(2010) showed that in recent decades, the travel behaviors had been “[characterized] by
increasing trip distances and a modal shift towards the private car” (p. 75). Furthermore,
“those living in the most advantaged neighborhoods also travelled on average the least
distance to their nearest supermarket and fruit and vegetable store” (Ball et al., 2009, p.
580). Another study conducted in 1991, related to shopping mode choice for households
with access to a motorized vehicle in Berlin, found that car usage “increased rapidly
when distance from home to the closest grocery store exceeded 325 meters. And when
distance was longer than 670 m, the car becomes the major transportation mode for
grocery shopping” (p. 3).
Fleischhacker, Evenson, Rodriguez, and Ammerman (2009) suggested that
including transportation systems as an influential factor on food environment is
unavoidable and will help to better understand the community’s overall food access.
Moreover, Manning, Goldberg, Gift, and Moran (2011) stated that one of the most
important variables that shapes formation of a food desert in urban areas is lack of
transportation and mobility, which puts people at the disadvantage of not having easy
access to the fresh and healthy products. According to Chou, Grossman, and Saffer
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(2004), not only does public transportation play a major determining factor on shopping
mode choices, but so does transportation distance and car availability. For instance, in the
meta study by Fleischhacker et al. (2009), the authors systematically reviewed forty peerreviewed studies published in English during a 10-year time period from 1998 to 2008.
This study showed that non-African Americans had three times greater access to private
transportation than African Americans who live in similar areas. Handy, Boarnet, Ewing,
& Killingsworth (2002) explained that for convenience and time-saving reasons, people
who owned a car would use it for shopping purposes. In other words, car ownership has
been a key role player in determining shoppers’ travel mode (Jiao, 2010).
Focusing on the food shopping behavior of low-income families in Austin, Texas,
Clifton (2004) showed that driving a car is the main travel mode by which families access
healthy food. For some people, however, walking and taking public transportation was
still important to accessing healthy food. In a recent study in South Australia, Coveney
and O’Dwyer (2009) investigated the grocery shopping travel mode of 16 households
without cars. Their study showed that walking is the most common mode for those
families. For these reasons, this study will consider access to a motorized vehicle, public
transportation, and walking distance as important determinant factors that could impact
the severity of food deserts, thus requiring more attention from academic scholars, urban
planners, and government projects in order to solve food desert problems in the future.
Socioeconomic and Demographic Characteristics
According to the American Psychological Association, “Socioeconomic status is
commonly conceptualized as the social standing or class of an individual or group. It is
often measured as a combination of education, income and occupation. Examinations of
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socioeconomic status often reveal inequities in access to resources, plus issues related to
privilege, power and control” (http://www.apa.org, 2013).
In the last decade, increasing evidence from studies done in the United States
suggests that residents of socioeconomically disadvantaged neighborhoods may have
poorer access to affordable healthy foods outlets (Morland et al., 2002). Jiao (2010)
suggested that “gender, employment status, income, the presence and the age of children
in household, and vehicle ownership greatly influenced people’s travel mode choice for
shopping.” (p. 3). Another study by Ball et al. (2009) investigated whether the
availability and accessibility of supermarkets and stores selling fresh fruit and vegetable,
and their availability, variety, and price of foods within these stores, varied across areas
of different levels of socioeconomic disadvantage in Melbourne, Australia. They
concluded that the residents of “low socioeconomic position (SEP) are particularly at risk
of consuming diets that are less than optimal, including fewer vegetables, fruits and high
fiber foods, and more high-fat foods than their counterparts of higher SEP.” Those
residents who live in more advantaged neighborhoods “had a greater number of
supermarkets and grocery stores with fruit and vegetables stores within 2 km buffer zones
from their home; and were also serviced by a greater density of grocery stores per 10,000
residents. Residents of mid-SEP neighborhoods had the fewest major supermarkets per
10,000 residents” (Ball et al., 2009, p. 580).
Another study by Hurvitz, Moudon, Rehm, Streichert, & Drewnowski (2009)
identified socioeconomic statuses (e.g., income) as predictors of fast food restaurant
density in King County, WA, and discovered that the density of fast food outlets was not
associated with the proportion of non-White residents. Fast food outlet density was linked
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to lower median household income. A meta study by Fleischhacker et al. (2009)
investigated the relationship between fast food access and socioeconomic status factors in
21 studies conducted across the United States and showed that 16 studies indicated that
fast food restaurants were more prevalent in low-income areas than in middle- to higherincome areas. Moreover, fast food restaurants were more prevalent in areas with higher
concentrations of ethnic minority groups than other groups.
In order to expand the focus of environmental justice from environmental hazards
and toxic exposures to issues of food environment (exposure to fast food and food
deserts), this study attempted to examine the relationship between socioeconomic and
demographic statuses and food desert in Wayne County, Michigan. Moreover, this study
restricts socioeconomic characteristics to household income level and vehicle ownership
(Berkman & Macintrye, 1997), and the demographic variables are limited to
race/ethnicity, gender, and population density.
Utilizing GIS to Identify Food Access
The last few decades have seen a dramatic increase in the use of GIS in studies
that examine and identify food access and food deserts. Many studies have used GIS to
map and measure food access. In general, there are two main GIS-centric approaches to
examining the food access.
In the first approach, the authors use GIS to map the location of food outlets from
available spatial data. For instance, Guy (2004) used a GIS tool known as a buffer
application around food retailers in order to identify food access. In another study,
Donkin, Dowler, Stevenson, and Turner (2000) mapped food retailers and the price and
availability of healthy items utilizing GIS. This approach of analysis involves taking
29

existing data and mapping it with GIS in order to identify trends and overlaps with other
data elements. The second approach is used when statistical analysis is needed to
correlate one variable, such as physical distance, to another, such as socioeconomic status
(Larsen & Gilliland, 2008).
Several studies have used GIS to analyze food access through walking, public
transportation, physical, and economic barriers that prevent residents from accessing
healthy outlets (Agyeman, 2005). Arc/Info GIS software offers many tools such as GIS
buffering for visualizing accessibility, including counting the number of stores in lowincome neighborhoods and measuring the quality of food available in a neighborhood.
Further, GIS software has more advanced analyses tools such as Network Analyst and
Spatial Analyst extensions that can be used for analyzing and quantifying food access
(Eckert & Shetty, 2011). To measure travel time distance along a network, most studies
use basic GIS tools, coupled with Network Analyst or Spatial Analyst extensions and/or
multivariate regression analysis. These tools help researchers to understand the spatial
extent of retail food distributions in a community and to generate useful information for
planners, community activists, public health officials, and others concerned with
equitable access to food (Doyle, Kelly-Schwartz, Schlossberg, & Stockard, 2007).
There are many ways in GIS to measure the access to retail stores. Many studies
have used a walkable distance measure as a principle measurement of distance to analyze
accessibility to food access outlets. The measurements of walkable distance are often in
the range of a quarter mile to half a mile. For example, Algert, Agrawal, and Lewis
(2006) used 0.8 km (approximately a half mile), while Wrigley, Warm, and Margetts
(2003) use 500 m (just under a third of a mile), and Blanchard and Matthews (2007) used
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a distance of 10 miles to identify food deserts in rural areas. Buffers for the walkable
distance to supermarkets in urban areas are very important when addressing food
insecurity in low-income neighborhoods, as these residents are less likely to own a
vehicle (McEntee & Agyeman, 2010).
For instance, Eckert and Shetty (2011) measured food access by calculating the
average distance between each household and the closest grocery stores, utilizing
Network Analyst. This study uses a buffer of one to two miles in the low-income
neighborhoods to identify food access and food deserts. In other words, any household
located outside of this buffering zone was considered to be in a food desert, and any
household inside the buffering zone was considered to have access to healthy food outlets
(food access).
In another study by Smoyer-Tomic et al. (2008), the authors examined whether
exposure to supermarkets and fast food outlets varies with neighborhood-level
socioeconomic status in Edmonton, Canada. In order to measure the access to
supermarket and fast food outlets, they selected 761 fast food outlets and 61
supermarkets. Each location was mapped using GeoPinPoint software (DMTI, Spatial
Inc., Markham, Ontario, Version 5.4). Also, to determine neighborhood-level exposure to
each facility type (i.e., supermarkets or fast food outlets), they used Arcview (ESRI 9.1)
and its Network Analyst extension to calculate the number of fast food outlets and
supermarkets within a street network distance of 500, 800, 1000, and 1500 m from the
geometric center of each census block in each of the 215 study neighborhoods. Counts
were then weighted by census block population to identify the population-weighted mean
number of each facility type within the four different radii for each neighborhood. The
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authors also used a similar procedure to calculate weighted mean minimum distance to
the nearest fast food outlet and nearest supermarket for each neighborhood. Based on the
number and distribution of supermarkets and fast food outlets in Edmonton using the four
network distances (500, 800, 1000, and 1500 m), they selected distances that classified
approximately 50% of the neighborhoods into those with and without exposure to each
facility type to facilitate statistical analysis. Thus supermarket exposure was defined as
“any census block in the neighborhood having a supermarket within 800 m; fast food
exposure was indicated by whether or not any census block in the neighborhood had a
fast food restaurant within 500 m” (p. 742).
Another study by Larsen and Gilliland (2008) explored the evolution of food
deserts in a mid-sized Canadian city (London, Ontario) by using geographic information
system (GIS) to map the precise locations of supermarkets from 1961 to 2005. Multiple
techniques of network analysis were used to explore how supermarket access was related
to neighborhood location, socioeconomic characteristics, and access to public
transportation. In order to measure the accessibility by walking, the study applied
network analysis to create a “service area” of 1000 meters around each supermarket using
the London 2005 street network file within ArcGIS 9.2. Block level population counts
were used to identify the population with supermarket access within each service area.
Since public transportation is the only option that disadvantaged populations may use to
reach non-walkable destinations, this study measured accessibility by public
transportation. Bus access was determined using a 10-minute bus ride without transfers,
combined with a 500-metre walk at the beginning and/or end of the bus trip. Network
Analyst was used to select and map individual bus routes located within 500 meters and
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extending up to 3 kilometers from each supermarket; a 500-metre network service area
was created around each identified bus route to determine areas with public transit access
to supermarkets. The distance to the closest supermarket was computed using the street
network file and the Network Analyst extension within ArcGIS 9.2. Network Analyst
extension was also employed to calculate the number of supermarkets within 1000 metres
of each block group (Larsen & Gilliland, 2008).
Moreover, Stilley (2012) explored the location of food deserts in Denver County
and examined the affected populations. This study focused on physical barriers to
purchasing foods at grocery stores. To measure the food desert, the author first defined
the area that had good access to a supermarket by bus and walking. The measurement
“good access by bus” was defined as any place located within an 8-minute bus ride (1.6
miles) with no transfers and walking 5 minutes to or from bus stop (1/4 mile). The
measurement “good access by walking” was defined as any location within one mile (10‐
15 minutes of walking). Any location with both forms of the access measurement was
considered part of a food oasis (having good access to healthy food outlets), and any
areas outside of these buffers were considered areas of food desert (not having access to
healthy food outlets). These accessibility measurements were calculated utilizing ArcGIS
10.0 and the Network Analysis extension.
Geographical Information System
Geographical Information System (GIS) is a “combination of computer hardware
and software designed for the purpose of collecting, maintaining, analyzing, and
displaying geographically-referenced (the where) information” (Block et al., 2004, p. 1).

33

In the domain of public health, geographically referenced information can include
health outcomes, risk factors, population distribution, and medical care resources. GIS is
the technology that has the “potential to help identify target populations for interventions,
identify sources of diseases, and manage large databases of health information” (p. 2).
Due to these special characteristics, GIS has been used to identify the geographical
distribution of cancer over urban areas and to examine the relationship of cancer with
other factors such as socioeconomic characters (Brewer, 2006). For instance, Almadan
and Esmaeili (2012) used GIS to identify the areas of high-risk for breast cancer in the
state of New York. According to Foody (2006), the study of geographical information
science/systems (GIS) has a long history of being used as a tool in human health and
wellbeing.
Moreover, GIS and related spatial analysis methods offer a set of tools for
“describing and understanding the changing spatial organization of health care, for
examining its relationship to health outcomes and access, and for exploring how the
delivery of health care can be improved” (Mclafferty, 2003, p. 25).
This study will use GIS to identify food access distribution to healthy and
unhealthy outlets and map the access measurements to examine any possible relationship
between food deserts and socioeconomic status.
Geographical Information System Functions
Graham, Atkinson, & Danson (2004) defined GIS as “a series of tools for the
acquisition, storage, retrieval, analysis and display of spatial data. A GIS can be used
readily to integrate data represented in different formats, e.g., raster data model or image
data, vector data model or point, line and area data” (p. 219). GIS can be considered as
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technology or science. GIS can take “anything with a spatial reference and store it,
analyze it, and display it. GIS has the ability to integrate a wide range of data sources and
make complex data more quickly and easily understood” (Black, 2005, p. 9).
GIS provides a variety of functions in many different disciplines such as military,
hydrology, history, and education, but there are three functions that are the key to public
health: spatial database management, spatial analysis, and data visualization and map
(Black, 2005).
Spatial Database Management. Spatial data are the data related to space. Every
incident that may be associated with geographical space can be spatially referenced and
represented on a digital map in a GIS (Gold, 2006). In other words, to create a digital
map for any earth related phenomena, spatial data need to be generated and stored in GIS
database systems. For instance, in GIS software the database of health events that have
been located and geo-referenced can be processed and stored by computers. Moreover,
GIS can be used to add or delete the stored events from the health database (Black, 2005).
Güting (1994) states that a GIS database management system “offers spatial data types
(SDTs) in its data model and query language” and supports spatial data types in its
implementation (p. 1). The Spatial Database Management system incorporates the
traditional relational database management system (RDBMS) for managing attribute data
and a special model for managing spatial data. The traditional RDBMS makes it
“possible to pose complex queries, and to produce statistical summaries and tabular
reports of attribute data. It also provides the user with the ability to make map analyses,
often combining elements from many layers” (Black, 2005, p. 10; Ebadi, Ahmadi,
Ghanei, & Kazemnejad, 2009).
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Spatial Analysis. Spatial analysis refers to “seeing and interacting with real-time,
integrated views of information in a location-based context, thereby enabling faster, more
effective decisions” (McCoy & Johnston, 2001, p. 14). GIS empowers public health,
epidemiology, and researchers from other disciplines to analyze the spatial relationships
of phenomena that occur in one individual area or many areas with other possible
influential factors. Souris and Bichaud (2011) stated that GIS enables researchers to
create new classes of health patterns based on the spatial relationships of any
phenomenon or any public health event. Varieties of spatial analysis methods are
available within GIS that extend the ability of the researchers to analyze the spatial
databases on their spatial characteristics (Graham et al., 2004).

Visualization and Mapping
GIS allows epidemiologists and other health care researchers to investigate spatial
patterns within their data, to understand relationships between health outcomes and risk
factors such as socioeconomic and environmental variables, and to communicate this
information in the form of a map. GIS makes it possible to represent spatial distribution
in maps instead of having them in tables and statistical reports that are not as easy to
understand (Black, 2005; Brewer, 2006).
Mapping, or “visual communication,” has become increasingly important due to
applications that involve GPSs and GISs. The value of visualization is in its ability to be
used for communication and exploration of spatial information. Recently many
organizations are becoming interested in visualization of spatial information, which is not
as easily represented and understood in tables and statistical reports. Moreover,
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“visualization provides a means to communicate to public information about research,
future real estate developments, environmental problems, fishing habitats, and
climatology. Geotechnology provides a means to collect, manage, and analyze spatial
information that is later visualized in two, three, or four dimensions” (Thurston, Moor, &
Poiker, 2003, p. 18). The advantage of using GIS technology is that anything with spatial
reference can be mapped and visualized on a dynamic map, including alcohol outlets,
restaurants, grocery stores, and farmers’ markets.
GIS Function in Interdisciplinary Studies
Allen (2001) stated that interdisciplinary research has been a growing trend in
academic research for many years. The subject developed by “applying research
techniques from many existing disciplines to a broad theme” (p. 192). In contrast to the
researchers who apply techniques from one particular discipline, the nature of
interdisciplinary research expanded to include a variety of techniques from multiple
disciplines. A stellar example from among the newly developed interdisciplinary areas is
environmental science. Environmental science is used when a researcher uses a variety of
techniques including GIS to focus on elements or events that have an effect on the
environment.
GIS has become a very popular technology today, and many researchers in a
variety of disciplines have recognized GIS as a useful and strong tool for fieldwork, data
analysis, and spatial decision-making (Murayama, 2000). GIS has been used in fields as
varied as environmental science, agriculture, urban/regional planning, natural resources,
transportation, medicine, geosciences, and biology/ecology. For example, Forkuor,
Pavelic, Asare, & Obuobie (2013) used GIS to model the potential areas of groundwater
37

development for agriculture in northern Ghana. Groundwater development potential in
northern Ghana was assessed by combining spatial layers for five critical factors—
recharge rate, regolith thickness, transmissivity, borehole success rate and static water
level—through a multi-criteria analysis approach to rank development potential from the
viewpoint of groundwater availability and accessibility at a resolution of 1 km2. GIS
considered several layers, for each of the factors was created from a different data source.
The authors used Kriging interpolation tool in the Geostatistical Analyst extension of
ArcGIS.
In another study, Kosiba and Bauer (2012) got assistance from GIS as a tool to
examine how constructed environmental differences like barriers, boundaries, and
marked places engender distinct spatial practices and perceptions. By analyzing recent
archaeological data from the political center of the Inka Empire (Cuzco, Peru), they
introduced a GIS methodology that assesses how power relations shape the environment.
The authors’ approach defines the environment less as an independent phenomenon that
comprises systemic economic and cultural values, and more as a true landscape, a
“geography of difference” that is subject to unpredictable variations, social erosions, and
political fault lines. Considered as such, an environment is partly a political process, an
ongoing project that is realized in the very spaces through which different people
perceive themselves and their world (p. 62). Some of the GIS tools that have been used
are topographic surfaces (a triangulated irregular network [TIN] and a digital elevation
model [DEM]) of each site that was generated from detailed mapping.
Another study by Sprague (2013) applied a multiple buffer analysis to a Japanese
rural landscape depicted in historical maps surveyed in the 1880s to investigate the
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spatial patterns that had existed under traditional agriculture for a study area in the Kanto
Plain near Tokyo. Traditional rural landscapes have become subjects of research applying
geographical information systems to study landscape history. In this study, GIS was used
successfully to analyze the time-series data, integrating maps and aerial photographs from
different time periods to identify the traditional agricultural trends in Japanese rural areas.
The GIS analyses were accomplished by using ArcInfo Workstation and ArcGIS 9
(ESRI, Redlands, CA) tools such as digital elevation model DEM and multiple buffer
analyses.
As it has been presented in the previous examples, GIS has been used widely in a
variety of interdisciplinary studies and to assist users in finding trends, models, and
analyses that have never been imaginable before. This study will also utilize GIS and
related tools to promote environmental and food justice and to examine the relationships
of certain socioeconomic variables with prevalence of food deserts.
Summary
Chapter 2 provides details of the literature that are related to environmental justice
and food deserts as important variables impacting one another. Finally this chapter
discussed in detail the geographic information system and its applications in
interdisciplinary studies. Chapter 3 will provide more details about research methods that
will be selected to perform this study and to test the related hypotheses.
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Chapter 3. Research Methodology
This research aims to study the relationship between demographic and socio
economic characteristics and the accessibility to healthy food outlets in food oasis and
food desert. Moreover, this study aims to examine whether the abundance of healthy food
outlets will lead to more exposure to unhealthy foods outlets such as fast food restaurants
and convenience stores. Another important goal of this study is to develop several
regression models to examine the relationship between the variables of socioeconomic
and demographic characteristics and access to healthy food outlets in food desert and
food oasis. Also, the regression models used to find out how the explanatory variables
can impact access to healthy food outlets, whether healthy or unhealthy. Also, how much
variance in food oasis and food deserts can be explained by the variables that have been
selected? For these reasons, this study utilizes descriptive methodology.
The sections within this chapter provide a detailed report of the research
methodology and research design and discuss the specific steps of data collection
procedures and data analysis plan.
“Quantitative methods examine the effects of specified circumstances (independent
variable) on an outcome of interest (dependent variable) in ways that can be expressed
numerically” (Lakshman, Sinha, Biswas, Charles, & Arora, 2000, p. 369). This study
utilizes secondary data from the U.S. Census Bureau 2010 database to explore the
possible relationship (e.g., correlation/regression) between demographic and
socioeconomic characteristics and access to healthy food outlets in food oaseis and food
desert areas in Wayne County, Michigan. “A correlational study examines the extent to
which differences in one characteristic or variable are related to differences in one or
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more other characteristics or variables” (Leedy & Ormord, 2005, p. 183). This study
limits demographic characteristics to race, ethnicity, gender, and population density, and
socioeconomic characteristics household income level and vehicle ownership.
A food desert is defined as an area with limited or no access to healthy food.
Since limited research has been done in Michigan to study food desert, this study focuses
on Wayne County. In order to measure a food desert, it is required to define and quantify
food oasis areas. In this study, accessibility to healthy food was based on traveled
distance by foot (walking) as a transportation mode. Moreover, by developing regression
models, this study was able to find out if having access to a private car has significant
influence on the incidence of food desert. This study uses travel distance by walking as a
measurement of access to healthy food outlets in order to assess and identify food desert
areas. Another goal of this study is to identify unhealthy food access using restaurants
with limited service, fast food restaurants, and convenience stores as a proxy for
unhealthy food outlets in order to examine the relationship between demographic and
socio economic and more geographical exposure to fast food restaurants and convenience
stores in food oases, and food desert area (Burns, 2007). This study uses Geographic
Information System (GIS) technology tools such as network analysis extension to
measure the food accessibility and then locate food oasis and food desert areas.
Research Design
Since this research uses archival data, this study takes advantage of descriptive
research design, which is known as archival research design. This type of design provides
a method for gathering data from the information that has been stored in archives.
Antonius (2003) defines archives as “files that contain data stored previously, sometimes
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even collected for purposes that may have nothing to do with research” (p. 28). There are
several types of archives such as the data collected and stored by a governmental
statistics agency, universities, ministries, and municipalities. This study used the website
of the U.S. Census Bureau 2010 to collect required data such as demographic (e.g., race,
ethnicity, and gender) and socioeconomic characteristics (e.g., level of income, and
vehicle ownership). Moreover, this study used the Reference USA database to obtain SIC
codes and address of the location of healthy food outlets and unhealthy food outlets.
Healthy food outlets represent grocery-retail, food market, food products-retail, farm
market, delicatessens, fruits and vegetables produce-retail, and meat-retail supermarket,
gas stations, fast food restaurants, and liquor stores. While unhealthy food outlets
represent beer and Ale-retail, convenience stores, liquors-retail, win-retail, food-carry
out, pizza, restaurants with limited service, and sandwiches (Powell et al., 2011).
Study Population and Sampling
The researcher used the secondary data (U.S. Census Bureau, 2010) for the
population and sampling. “Analysts may gather data themselves by carrying out a survey,
doing an experiment, content analyzing newspapers, or coding observed behaviors, to
name a few methods, all of which generate primary data. In contrast, secondary data are
data gathered by someone other than the analyst” (Lewis-Beck, Michael, Bryman, and
Liao, 2004, p. 101). “Secondary data are preexisting data that have been collected for a
different purpose or by someone other than the researcher. Researchers may use
secondary data to investigate new research questions, corroborate or extend the original
analyses, or compare to other (primary or secondary) data sources” (McGinn, 2008, p.
804). “For example, a social researcher may go to the library and gather together data
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first assembled by the U.S. Census Bureau. Or, a psychologist may collect data on a
number of published experiments testing a particular hypothesis, in order to carry out a
meta-analysis of those studies” (Lewis-Beck et al., 2004, p. 1010).
Socioeconomic and Demographic Data
While some researchers have shown that food deserts exist in some cities such as
poor neighborhoods in Detroit (Zenk et al., 2005), and poor Los Angeles neighborhoods
(Lewis et al. ,2005),there are few studies that investigate the relationship between
demographic and socioeconomic factors and the access to healthy food outlets in food
desert and food oasis in Wayne County. This research limited the study area to Wayne
County, Michigan, restricts socioeconomic characteristics to household income level and
vehicle ownership, and limits the demographic data to race, ethnicity, gender, and
population density. The tables below provide some important socioeconomic and
demographic data about Wayne County.
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Table 1
Demographic Data, Wayne County
Total Population

1,815,734

Percent White non-Hispanic

52.3

Percent African American

40.5

Percent American Indian and Alaskan

0.4

Native
Percent Asian

2.5

Percent Hispanic or Latino Origin

5.2

Median Household Income

$38,192

Percent below poverty level

24.0%

Land Area

614 sq. mi.

Persons per square mile

2,934

Source: 2010 Census Statistics for Wayne County, MI
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Study Area
Wayne County, MI, was selected because food desert is not just an urban issue; it
occurs in areas of all densities such as suburban areas. There is a growing need to explore
the relationship between demographic and socioeconomic characteristics and access to
healthy food in Wayne County, an area that is relatively understudied in terms of its food
environment and related health implications. As mentioned in the literature review
section, many studies have focused on other national and international communities, but
few have investigated the food deserts and their implications on the residents of Wayne
County. One study by (Zenk et al., 2005) showed that food deserts exist in some cities
such as poor neighborhoods in Detroit. Also, no study has focused on the impact of
demographic and socioeconomic characteristics on access to healthy food outlets in food
oasis and food desert areas in Wayne County, Michigan. In addition, most of the previous
studies focused on white and black populations and low incomes, while this study tried to
explore more demographic and socioeconomic characteristics such as ethnicity (Hispanic,
Asian, and Arab), gender, and vehicle ownership and how these variables could impact
the access to healthy food outlets in food oasis and food desert areas in Wayne County,
MI.
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Figure 1. Wayne County map
Healthy Food Outlets Measurement. Healthy food outlets represent groceryretail, food market, food products-retail, farm market, delicatessens, fruits and vegetables
produce-retail, and meat-retail (Powell et al., 2011). Also, the number of these categories
existing within food oasis and food desert areas represent the access to healthy food outlets.
This study uses GIS to systematically locate food deserts as the places that have
limited access to healthy food outlets. In order to locate food desert areas in Wayne
County, Michigan, this research needs to locate the healthy food outlets and define the
access measurement. Measurement of a food desert “relies on measures of distance
between food stores and the population in need of food stores; and it relies on the
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identification of the population with a limited food budget and limited transportation
options” (Jiao, 2010, p. 55).
Burns and Inglis (2007) pointed out that chain supermarkets are “the most likely
outlets to provide the range and price of food required for a nutritionally adequate and
affordable diet” (p. 878). The full-service grocery stores sell healthy food choices such as
meat and beans, bread and cereals, vegetables and fruits, and dairy products, on a regular
basis. Costco and Sam’s Club branches will not be considered as healthy food outlets
because in order to shop in these stores, individuals must be members and they are
required to pay a membership fee, which disadvantages low-income individuals (Stilley,
2012). Healthy food outlets were identified through the Reference USA database. Table 2
shows all the SIC codes that has been used to identify healthy food outlets. After
finalizing the number of healthy food outlets, the stores were geo-coded using ArcGIS
software, version 10.1.
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Table 2
System Industry Classification (SIC) Code of Healthy Proxy, Wayne County, MI
SIC Code

SIC Code Description

Number

541105

Grocery-Retail

526

541101

Food Market

51

541104

Food Products-Retail

59

543102

Farm Market

2

581209

Delicatessens

77

543101

Fruits & Vegetables & Produce-

4

Retail
542107

Meat-Retail

9

Total

728

Source: Reference USA

After locating the healthy food outlets, the access to these stores will be
measured. In this study, modeling accessibility to measure the access to healthy food
based on foot (walking) modes of transportation.
For waking accessibility measurement modes, this study creates models within ¼
and ½ mile walking distance from home to healthy food outlets such as grocery stores. A
¼ mile distance determines a food oasis, and ½ mile distance, around 10-15 minutes of
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walking depending on speed of walking, is determined to be a food desert. The purpose
of employing this model is to examine what portion of the study areas that have been
selected are within walking distance of healthy food. The accessibility metrics calculated
using ArcGIS 10.1 and the Network Analysis extension. This type of measurement has
been performed in many studies such as Jiao (2010), Stilley (2012), Larsen and Gilliland
(2008), and Eckert and Shetty (2011).
Unhealthy Food Outlets Measurement. Another aim of the study is to identify
unhealthy food access using restaurants with limited service, fast food restaurants and
convenience stores as a proxy for unhealthy food outlets. Also, this study examined if the
lower access to healthy food could lead to more access to unhealthy food outlets in food
desert areas. Also, the number of these unhealthy food categories existing within food
oasis and food desert areas represent the access to unhealthy food outlets. In addition, this
study aims to examine the socioeconomic characteristics of the neighborhoods that have
easy access to fast food restaurants and convenience stores. Restaurants with limited
serves fast food restaurants are defined as “chain restaurants that have two or more of the
following characteristics: expedited food service, takeout businesses, limited or no wait
staff, and payment tendered prior to receiving food” (Block et al., 2004, p. 212, Powell et
al., 2011). According to Stilley (2012), convenience stores such as gas stations and liquor
stores “tend to carry mainly processed forms of food versus unprocessed staple forms” (p.
13).
For this reason, all restaurants with limited service, fast food restaurants and
convenience stores such as gas stations and liquor stores were located by utilizing
ArcGIS. Unhealthy food outlets were identified through the Reference USA database.
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Table 3 shows all the SIC codes that has been used to identify unhealthy food outlets.
After finalizing the number of healthy food outlets, the stores geo-coded using ArcGIS
software, version 10.1.

Table 3
System Industry Classification (SIC) Code of Unhealthy Proxy, Wayne County, MI
SIC Code

SIC Code Description

Number

592104

Beer & Ale-Retail

74

541103

Convenience Stores

387

592102

Liquors-Retail

437

592103

Win-Retail

21

546105

Doughnuts

64

581206

Foods-Carryout

1

581222

Pizza

435

581208

Restaurants

with

Limited 2,692

Services
581219

Sandwiches

3

Total

4,114

Source: Reference USA
In order to measure the accessibility of restaurants with limited services, fast food
restaurants and convenience stores, the walking mode of transportation was adopted in
this study. For walking accessibility measurement to food restaurants and convenience
stores, this study adopted a model within 500 meters (less than half a mile; Block et al.,
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2004; Smoyer-Tomic et al., 2008). The accessibility metrics were calculated using
ArcGIS 10.1 and the Network Analysis extension.

GIS Data.
The following GIS data were used for network analysis.
Table 4
Online Sources for GIS Data That Were Used for Network Analysis

GIS Data

Online source

Census tracts boundaries

Census 2010 TIGER/Line Data Website

Location of the grocery stores, fast food

SIC Code from Reference USA Database

restaurants, and convenience stores
City boundary shapefile

MI Geographic Data Library
(http://www.mcgi.state.mi.us)

Road network and transportation

MI Geographic Data Library

shapefile

(http://www.mcgi.state.mi.us)

Data to Measure Travel Distance by Walking. To measure travel cost
(distance) by walking to access food, some basic GIS data are required. These data
include the boundary layer of the five study areas, road networks, and location of the
food outlets (grocery store, fast food restaurants, and convenience stores). Railway lines
and rivers were included, where travel by walking is not possible, except for the places
that have bridges. Other additional layers that affect the speed of walking are slope and
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land use, which need to be considered. All the data were obtained from online sources as
they are presented in Table 4.
Data Collection and Data Analysis
The data analysis was performed in seven phases as illustrated in figure 2.

Phase
One

Phase
Two

Phase
Three
Phase
Four

Phase
Five

Phase
Six

Phase
Seven

• Collect demographic and socioeconomic data

• Collect SIC codes data for healthy and unhealthy food outlets
• Geocoded healthy and unhealthy food outlets addresses
• Prepare a pedestrian network model for healthy food outlets using
network analyst extension
•Create the network length areal data interpolation model
•Populate the socioeconomic and demographic data from the Census tract to ¼
mile and ½ mile walking areas by using the above interpolation model

• Standardization of variables

• Use GIS to perform spatial data analysis

• Use SPSS to perform corelation and regression analysis

Figure 2. Seven Phases of Data Analysis

In phase one, the collected demographic and socioeconomic data obtained from
the U.S. Census Bureau website has been cleaned and organized. Phase two consists of
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collecting SIC codes data from Reference USA, which is in Microsoft Excel files, and
transferring them to Arcmap software. In this phase, addresses of all of the healthy food
outlets, and unhealthy food outlets have been geocoded. Geocoding is a tool in Arcmap
that allows the user to transform each individual address to x, y point in a map.
Geocoding is a tool in ArcGIS software that assigns specific addresses based on ZIP
codes or street addresses based upon an address locator (Stilley, 2008). In other words,
“Geocoding is the process of assigning geographic coordinates (latitude and longitude) to
street addresses, as well as other points and features” (Ratcliffe, 2001). According to
ArcGIS resource center, geocoding is “the process of transforming a description of a
location—such as a pair of coordinates, an address, or a name of a place—to a location
on the earth’s surface. The process of geocoding can be done by entering one location
description at a time or by providing many of them at once in a table. The resulting
locations are output as geographic features with attributes, which can be used for
mapping or spatial analysis.” Also, this process requires a table that stores the addresses
you want to geocode and an address locator or a composite address locator. This tool
matches the addresses against the address locator and saves the result for each input
record in a new point feature class” (Arcmap help). Figure 3 is an example of how
geocoding works in Arcmap software.
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Figure 3. An example of address geocoding in Arcmap. (Source: Arcmap help
center.)

The following maps in Figure 4 show the geocoded address locations for healthy
food outlets such as grocery stores, and unhealthy food outlets (convenience stores, liquor
stores, restaurants with limited services, and fast food restaurants).
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Figure 4. Grocery Stores and Unhealthy Food Outlets Distribution

Phase three involves preparing a pedestrian network model for healthy food
outlets (e.g., grocery stores) using network analyst extension. The research uses the
network analysis extension on ArcGIS 10.1 to determine the travel cost (distance) to
access food. The basic data that are required for generating a walking surface are
boundary layer, road network, and location of the outlets of grocery store (Burns &
Inglis, 2007).
The network analysis was first done for walking (¼ mile) to determine food oasis.
Any area that has limited walking access to the full service grocery store (more than ¼
mile walking) were considered food desert area. Also, to examine the relationship
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between the abundance of healthy food outlets and more geographical exposure to
unhealthy food outlets (e.g., fast food restaurants and convenience stores,) in food desert
area, another network analysis was used to identify a neighborhood that has more
exposure to unhealthy food outlets as shows in figure 5.

Figure 5. Network Analysis: Walkable Service Area
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Phase four includes creating the network length areal data interpolation model and then,
populate the socioeconomic and demographic data from the Census tract to ¼ mile and ½
mile walking areas by using the above interpolation model. To perform an areal
interpolation technique this study created model for network length method (NL) using
Modelbuilder function in ArcGIS 10.1.
Various data from the social, economic, and environmental are collected and analyzed for
areal units such as census tracts, block groups, and school district.
“As a result, many analyses of areal (geographical) data face unavoidable
problems in comparing or transforming data collected for different zonal systems.
In other words, the handling of geographical data often involves the
transformation of data from one system of areal units (source zones) to another
(target reporting zones), an activity referred to as areal interpolation in GIS
terminology” (Xie, 1995, p. 287).
What makes GIS unique from other types of information systems are its spatial analysis
functions. One of the most important capacities of GIS techniques is map overlay.
The map overlay process involves the superimposition of two or more input maps,
or data layers, with the aim of producing a composite map showing the
intersection of the mapping units on the individual data layers. An overly
operation usually requires two input data layers (a source layer and an overly
layer) and generates a composite layer or intersection layer (Xie, 1995, p. 289).
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Figure 6 shows an example of map overly operation.

Figure 6. Map Overlay Operation (Source: Xie, 1995)

According to Xie (1995), there are three overlaid network algorithms to transfer
the information between source and target zones. These overlaid network algorithms are
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Network Length method (NL), network hierarchical weighting method, and network
housing-bearing method. This study has applied the first overlaid network algorithms,
which is Network Length method (NL). To perform Network Length method (NL), this
study has used ModelBuilder application in ArcGIS software 10.1. “ModelBuilder is an
application you use to create, edit, and manage models. Models are workflows that string
together sequences of geoprocessing tools, feeding the output of one tool into another
tool as input. ModelBuilder can also be thought of as a visual programming language for
building workflows” (ArcGIS Resource Center). Figure 7 shows the network length
method (NL) that was used in this study.
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Figure 7. Network Length method (NL)

This study standardized the data in phase five. After running the network length
method (NL), the sum result for each variable was standardized. Household income level
variable has been categorized to four levels: low income ($10,000 and less), low middle
income ($35,000 to $59,999), middle income ($60,000 to $90,999), and upper income
($100,000 and up). For standardized gender, race, and ethnicity variables, the Area_Sq
mile column has been used. Area_Sq mile represents the ½ mile and ½ mile buffer
around each healthy food outlets (e.g., grocery store). The Arcmap software capacity
allows, to use the spatial element (sq-mile area) to standardize the variable and find out
the density of these variables. The vehicle ownership, healthy food outlets and unhealthy
food outlets were spatially joined to ¼ and ½ mile network-based walkable area in order
to find the counts of each of these variables inside each ½ mile and ½ mile network
based-walkable area. Finally, these vehicles variable and the rest of variables that
representing healthy outlets (e.g., grocery stores) and unhealthy outlets (e.g., convenience
stores, and liquor stores) has been standardized per capita. Also, as shown in Table 5, this
study used the population sum density to standardize some of the variables such as
household level of income.
Also, in this phase the standardized variables of grocery-retail, food market, food
products-retail, farm market, delicatessens, fruits and vegetables produce-retail, and
meat-retail were combined to form a new factor of healthy food outlets. This new factor
was used in both correlation and regression analysis. Moreover, the construct of
unhealthy food was formed by combining standardized variables of Ale-retail,
convenience stores, liquors-retail, win-retail, food-carry out, pizza, restaurants with
limited service, and sandwiches. This new factor of unhealthy food outlets was used only
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in regression analysis. While for correlation analysis the restaurants with limited services
factor and fast food restaurants factor were combined as one variable, and liquor stores
and convenience stores were combined as one variable. These two new variables
representing unhealthy food outlets.

Table 5
Standardized Variable
Variable name

Standardized method
sum-income /sum-population *100

Income

(percentage)

Gender

sum of male or female / Area_Sq mile * 100

Race/ Ethnicity

(percentage)

Vehicle
Grocery stores, food market, etc…

count numbers/pop_sum*100

Restaurants with limited service and

(Per-capita)

fast food restaurants
Convenience and liquor stores

In phase six, since this study is utilizing Geographic Information System (GIS)
technology to examine the food access patterns in Wayne County, MI, spatial data
analysis has been used. Spatial analysis allows researchers to develop data exploratory
procedures to explore and exploit the GIS database to reach new approaches. Yeung and
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Lo (2002) pointed out that “exploratory procedures include the search for data
characteristics such as trends, spatial outliers, spatial patterns, and associations” (p. 350).
Finally, in the last phase, this study utilizes SPSS to perform statistical analyses to
examine the hypotheses. This study uses descriptive (e.g., correlation and regression)
methodology to answer the proposed research questions. In general, in research statistical
findings two types of analyses can be used. One is descriptive; another is inferential
(Hussain, 2012). The data analysis stage includes descriptive statistics analysis
“Descriptive statistics are numbers that summarize the data with the purpose of
describing what occurred in the sample. In addition, descriptive statistics empower
researchers to compare samples from one study with another. Inferential statistics are
analysis that allow the investigator to determine whether there are differences between
two or more samples and whether these differences are likely to be present in the
population of interest” (Coelho, 2009, p. 57). Inferential statistics can be used to
generalize the results that have been observed on samples to whole populations
(Antonius, 2003).
Correlation is the measurement of the size and direction of the linear relationship
between the two variables, and the squared correlation is the measure of strength of
association between them (Tabachnick & Fidell, 2001, p. 53; Esmaeili, 2014.)
Correlation analysis is used to describe the strength and direction of the linear
relationship between two variables. Depending on the level of the measurement, few
different statistical methods can be used. In this research, a Pearson product-moment
correlation coefficient (r) will be obtained and interpreted. SPSS will calculate two types
of correlation. The first is simple bivariate correlation (Pearson product-moment
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correlation coefficient), which is the mean between two variables. Second is partial
correlation, which allows exploration of the relationship between two variables, while
controlling for another variable (Pallant, 2005, p. 121). In this research, only Pearson
product-moment correlation coefficient (r) will be used to test the research hypotheses.
According to Esmaeili (2014), the correlation will be significant if p-value is less than
0.05.
Also, this study used multiple regression models. The results indicated how much
this set of variables is able to assess the effect of selected explanatory variables such as
race, level of income, and vehicle ownership on access to healthy food outlets in food
deserts and food oasis, and the models show how much “unique variance each of the
independent variables explains in the dependent variable, over and above the other
independent variables included in the set” (Pallant, 2005, p. 146)
Summary
This chapter provided a detailed description of all steps in the research
methodology that was used in this study, including the research design, study population
and sampling, secondary data that was used, GIS data, and data collection and data
analysis plans. The next chapter will provide the results of implementation of this
research methodology.
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Chapter 4. Results
This chapter provides the detailed results of the spatial and statistical analysis of
the secondary collected data. This chapters starts with an exploratory data analysis in
Arcmap. Using Arcmap for exploratory data analysis allows us to add census data
(containing demographic and socioeconomic information) to our map. After analyzing
the demographic data, this study examined the potential food desert areas. Finally, this
study utilized statistical tools such as SPSS to examine the research hypotheses.
The data collection process started during fall of 2012 using Census Bureau
websites to obtain socioeconomic data, the Reference USA database to obtain food
outlets SIC codes, and the MI Geographic Data Library for all shapfiles that are needed
for Arcmap software. All the data have been restricted to the year 2010.
Demographic Characteristics of the Sample
This study collected the following demographic characteristics: gender (male,
female), race (White, Black), and ethnicity (Hispanic, Asian, and Arab), along with the
socioeconomic status: household income level and vehicle ownership from Census
Bureau websites year 2010 and restricted to Wayne County, Michigan.
Figure 8 illustrates the distribution of race and ethnicity variables in Wayne
County, MI.
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Figure 8. Maps distribution
Figure 8. Distribution of Race and Ethnicity Variables
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Figure 9 illustrates the distribution of socio economic characteristics of the
sample, which are household income levels and vehicle ownership in Wayne County.
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Figure 9. Socioeconomic characteristics

Hypotheses testing. This study used correlation and regression functionality in
SPSS to examine the research hypotheses. Also, this study has formed several hypotheses
that have been reviewed in Chapter One and now provides the procedure that was used to
test the research hypotheses.
Correlation
Testing hypotheses for ¼ mile walking distance to healthy food outlets in food oasis.


Hypothesis 1

H01a: There is no significant relationship between access to healthy food outlets in food
oasis areas and race (White population) in the Wayne County area.
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As illustrated in Table 6, the value of the correlation coefficient between the
White population and access to healthy food outlets in food oasis is r = -0.245 and meets
the p-value threshold of 0.05. For these reasons, the null hypothesis H01a has been
rejected. The results of the correlation analysis show that there is a small significant
negative correlation between the White population and access to healthy food outlets in
food oasis.
H01b: There is no significant relationship between access to healthy food outlets in food
oasis areas and race (Black) in the Wayne County area.
The results of the correlation analysis in Table 6 show that the value of the
correlations coefficient between access to healthy food outlets in food oasis and the Black
population is r = -.311 and meets the p-value threshold of 0.05. For these reasons, null
hypothesis H01b is rejected, and the results show that there is medium negative
significant relationship between Black population and access to healthy food outlets in
food oases.
Table 6
Correlation Analysis Between Access to Healthy Food outlets in Food Oasis and Race
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Hypothesis 2

H02a: There is no significant relationship between access to healthy food outlets in food
oasis areas and ethnicity (Hispanic) in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food oasis and the Hispanic
population is r = -.155 and meets the p-value threshold of 0.05. For these reasons, null
hypothesis H02a is rejected, and the results show that there is a small negative significant
relationship between the Hispanic population and access to healthy food outlets in food
oasis in Wayne County.
H02b: There is no significant relationship between access to healthy food outlets in food
oasis areas and ethnicity (Asian) in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food oasis and the Asian population
is r = -.113 and meets the p-value threshold of 0.05. For these reasons, null hypothesis
H02b is rejected, and the results show that there is a small negative significant
relationship between access to healthy food outlets in food oasis and the Asian population
in Wayne County.
H02c: There is no significant relationship between access to healthy food outlets in food
oasis areas and ethnicity (Arab) in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food oasis and the Arab population
is r = -.183 and meets the p-value threshold of 0.05. For these reasons, null hypothesis
H02c is rejected, and the results show that there is a small negative significant
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relationship between access to healthy food outlets in food oasis and the Arab population
in Wayne County.

Table 7
Correlation Analysis Between Access to Healthy Food Outlets in Food Oasis and
Ethnicity



Hypothesis 3

H03: There is no significant relationship between access to healthy food outlets in food
oasis areas and gender (male, female) in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food oasis and gender (male, female)
is significant (r = -.472 for male, r = -.523 for female) and both have a medium negative
correlation to access to healthy food outlets. Both male and female meet the p-value
threshold of 0.05. For these reasons, null hypothesis H03 is rejected, and the results show
72

that there is a negative significant relationship between access to healthy food outlets and
gender in food oasis.

Table 8
Correlation Analysis Between Access to Healthy Food in Food Oasis and Gender



Hypothesis 4

H04a: There is no significant relationship between access to healthy food outlets in food
oasis areas and level of household income in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food oasis and four levels of
household income is significant and meets the p-value threshold of 0.05. For these
reasons, null hypothesis H04a is rejected, and the results show that there is a negative
significant relationship between access to healthy food outlets in food oasis and the
household level of income in Wayne County.
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Table 9
Correlation Analysis Between Access to Healthy Food Outlets in Food Oasis and
Household Level of Income

H04b: There is no significant relationship between access to healthy food outlets in food
oasis areas and vehicle ownership in the Wayne County area.
The results of the correlation analysis in Table 10 show that the value of the
correlations coefficient between access to healthy food outlets in food oasis and vehicle
ownership is significant (r=.355) and meets the p-value threshold of 0.05. For these
reasons, null hypothesis H04b is rejected, and the results show that there is a positive
significant relationship between access to healthy food outlets in food oasis and the
vehicle ownership in Wayne County.
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Table 10
Correlation Analysis Between Access to Healthy Food Outlets in Food Oasis and Vehicle
Ownership



Hypothesis 5

H05: There is no significant relationship between race (Black, White) and more
geographical exposure to unhealthy food service stores such as fast food restaurants with
limited services, liquor stores, and convenience store in food oasis areas.
The results of the correlation analysis show that the value of the correlations
coefficient between restaurants with limited services, fast food restaurants, and the White
population is r = -0.205 and meets the p-value threshold of 0.05. Also, the results of the
correlation analysis show that the value of the correlations coefficient between
convenience stores and the White population is r = -0.201 and meets the p-value
threshold of 0.05. For these reasons, null hypothesis H05 is rejected, and the results show
that there is a small negative significant relationship between restaurants with limited
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services, fast food restaurants, convenience stores, and the White population in Wayne
County.
The results of the correlation analysis show that the value of the correlations
coefficient between number of restaurants with limited services, fast food restaurants, and
the Black population is r = -.180 and meets the p-value threshold of 0.05. For these
reasons, null hypothesis H05 is rejected, and the results show that there is a small
negative significant relationship between the Black population and the number of
restaurants, fast food restaurants, and convenience stores.
The results from the correlation analysis in Table 11 shows that the two groups,
White and Black populations, both have small negative relationships with restaurants
with limited services, fast food restaurants, and convenience stores; however, the Black
population has higher degree of linear negative relationship compared with the White
population.

Table 11
Correlation Analysis Between Unhealthy Food Outlets and Race in Food Oasis Areas
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Hypothesis 6

H06: There is no significant relationship between ethnicity (Hispanic, Asian, and Arab)
and more geographical exposure to unhealthy food service stores such as restaurants with
limited services, fast food restaurants, and convenience store in food oases.
The results of the correlation analysis show that the value of the correlations
coefficient between the number of restaurants with limited services, fast food restaurants,
and convenience stores and Hispanic population (restaurants and fast food restaurants, r =
-.137; convenience stores, r = -.142) meets the p-value threshold of 0.05.
The results of the correlation analysis show that the value of the correlations
coefficient between the number of restaurants with limited services, fast food restaurants,
and convenience stores and the Asian population (restaurants and fast food restaurants, r
= -.102; convenience stores, r = -.077) meets the p-value threshold of 0.05.
The results of the correlation analysis show that the value of the correlations
coefficient between number of restaurants with limited services, fast food restaurants, and
convenience stores and the Arab population (restaurants and fast food restaurants, r = .140; convenience stores, r = -.140) meets the p-value threshold of 0.05.
For these reasons, null hypothesis H06 is rejected, and the results show that there
is a small negative significant relationship between the Hispanic, Asian, and Arab
population and the number of restaurants with limited services, fast food restaurants, and
convenience stores in Wayne County.
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Table 12
Correlation Analysis Between Hispanic, Asian, and Arab Population and Unhealthy
Food Outlets

Testing hypotheses for ½ mile walking distance to healthy food outlies in food
desert.


The following hypotheses were tested in ½ mile (food desert) buffer around
grocery stores:



Hypothesis 7

H07a: There is no significant relationship between access to healthy food outlets in food
desert areas and race (White) in Wayne County area.
As illustrated in Table 13, the value of the correlation coefficient between access
to healthy food outlets in food desert and White population is r = -0.203 and meets the p78

value threshold of 0.05. For these reasons, the null hypothesis H07a has been rejected.
The results of the correlation analysis show that there is a small significant negative
correlation between access to healthy food outlets in food desert and White population.
H07b: There is no significant relationship between access to healthy food outlets in food
desert areas and race (Black) in Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food deserts and the Black
population is r = -.256 and meets the p-value threshold of 0.05. For these reasons, null
hypothesis H07b is rejected, and the results show that there is a small negative significant
relationship between the Black population and access to healthy food outlets in food
desert areas in Wayne County.

Table 13
Correlation Analysis Between Access to Healthy Food Outlets in Food Desert and Race
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Hypothesis 8

H08a: There is no significant relationship between access to healthy food outlets in food
desert areas and ethnicity (Hispanic) in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food deserts and Hispanic ethnicity
is r = -.124 and meets the p-value threshold of 0.05. For these reasons, null hypothesis
H08a is rejected, and the results show that there is a small negative significant
relationship between access to healthy food outlets in food deserts and the Hispanic
population in Wayne County.
H08b: There is no significant relationship between access to healthy food outlets in food
desert areas and ethnicity (Asian) in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food deserts and the Asian
population is r = -.028 and does not meet the p-value threshold of 0.05. For these reasons,
null hypothesis H08b failed to reject, and the results show that there is no significant
relationship between access to healthy food outlets in food deserts and the Asian
population in Wayne County.
H08c: There is no significant relationship between access to healthy food outlets in food
desert areas and ethnicity (Arab) in Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food deserts and the Arab population
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is r = -.138 and meets the p-value threshold of 0.05. For these reasons, null hypothesis
H08c is rejected, and the results show that there is a small negative significant
relationship between access to healthy food outlets in food deserts and the Arab
population in Wayne County.

Table 14
Correlation Analysis Between Access to Healthy Food Outlets in Food Deserts and
Ethnicity



Hypothesis 9

H09: There is no significant relationship between access to healthy food outlets in food
desert areas and gender (male, female) in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food deserts and gender (male,
female) is significant (r = -.374 for male; r = -.432 for female) and both have a medium
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negative correlation to access to healthy food outlets. Both male and female meet the pvalue threshold of 0.05. For these reasons, null hypothesis H09 is rejected, and the results
show that there is a negative significant relationship between access to healthy food
outlets in food deserts and gender in Wayne County.

Table 15
Correlation Analysis Between Access to Healthy Food Outlets in Food Deserts and
Gender



Hypothesis 10

H010a: There is no significant relationship between access to healthy food outlets in food
desert areas and level of household income in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food deserts and low-middle
income, middle income, and upper income is significant and meets the p-value, however;
low level of household income is not significant (r = .021) and does not meets the p-value
threshold of 0.05. For these reasons, null hypothesis H010a is rejected, and the results in
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Table 16 show that there is a positive significant relationship between the three categories
of household level of income and access to healthy food outlets in food deserts in Wayne
County.

Table 16
Correlation Analysis Between Access to Healthy Food Outlets in Food Deserts and
Household Level of Income

H010b: There is no significant relationship between access to healthy food outlets in food
desert areas and vehicle ownership income in the Wayne County area.
The results of the correlation analysis show that the value of the correlations
coefficient between access to healthy food outlets in food desert and vehicle ownership is
significant (r=.222) and meets the p-value threshold of 0.05. For these reasons, null
hypothesis H010b is rejected, and the results show that there is a positive significant
relationship between access to healthy food outlets in food desert and the vehicle
ownership in Wayne County.
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Table 17
Correlation Analysis Between Access to Healthy Food Outlets in Food Deserts and
Vehicle Ownership



Hypothesis 11

H011: There is no significant relationship between race (Black and White) and more
geographical exposure to unhealthy food service stores such as restaurants with limited
services, fast food restaurants, liquor stores, and convenience stores in food deserts.
The results of the correlation analysis show that the value of the correlations
coefficient between restaurants with limited services, fast food restaurants, and the White
population is r = -.228 in food desert areas and meets the p-value threshold of 0.05. The
results of the correlation analysis show that the value of the correlations coefficient
between convenience stores and White population is r = -.230 and meets the p-value
threshold of 0.05.
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The results of the correlation analysis show that the value of the correlations
coefficient between number of restaurants with limited services, fast food restaurants, and
the Black population is r = -.190 and meets the p-value threshold of 0.05. The results of
the correlation analysis show that the value of the correlations coefficient between
number of convenience stores and the Black population is r = -.116 and meets the p-value
threshold of 0.05. For these reasons, null hypothesis H011 is rejected, and the results
show that there is a small negative significant relationship between the Black population
and more geographical exposure to unhealthy food outlets (restaurants with limited
services, fast food restaurants, and convenient stores) in Wayne County.
The results from the correlation analysis Table 18 show that the two groups,
White and Black population, both have small negative relationships with the number of
grocery stores, restaurants with limited services, fast food restaurants, and convenience
stores.

Table 18
Correlation Analysis Between Race and More Geographical Exposure to Unhealthy
Food Outlets in Food Desert Areas
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Hypothesis 12

H012: There is no significant relationship between ethnicity (Hispanic, Asian, and Arab)
and more geographical exposure to unhealthy food service stores such as restaurants with
limited services, fast food restaurants and convenience stores in food deserts.
The results of the correlation analysis show that the value of the correlations
coefficient between restaurants with limited services, fast food restaurants, and
convenience stores and the Hispanic population (restaurants and fast food restaurants, r =
-.145; convenience stores, r = -.129) meets the p-value threshold of 0.05.
The results of the correlation analysis show that the value of the correlations
coefficient between the number of restaurants with limited services, fast food restaurants,
and convenience stores and the Arab population (restaurants and fast food restaurants, r
=-.162; convenience stores, r =-.150) meets the p-value threshold of 0.05. For these
reasons, null hypothesis H012 is rejected, and the results show that there is a small
negative significant relationship between Hispanic and Arab populations and more
geographical exposure to unhealthy food outlets (restaurants with limited services with
limited services, fast food restaurants, and convenience stores) in Wayne County. The
hypothesis failed to reject with the Asian population. The results of the correlation
analysis show that the value of the correlations coefficient between number of restaurants
with limited services, fast food restaurants, and convenience stores and the Asian
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population (restaurants and fast food restaurants, r = -.095; convenience stores, r = -.073)
does not meet the p-value threshold of 0.05.

Table 19
Correlation Analysis Between Ethnicity in Food Desert Areas and Unhealthy Food
Outlets

Quantitative Regression Models


Quantitative regression models for ¼ mile walking distance to healthy food in
food oasis area. There are two regression models:

By using multiple regression statistics analysis, this study is trying to answer the
following question:
Q1. How much can the variables that have been selected explain the access to healthy or
unhealthy food outlets in food oasis or food desert?
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For this reason, this study used regression analysis to create several regression models to
answer this question.
Model 1: The number of healthy food outlets (grocery-retail, food market, food productsretail, farm market, delicatessens, fruits and vegetables produce-retail, and meat-retail)
stores has been held as a dependent variable (y).
The first model has formed to evaluate the impacts of the explanatory factors of race,
level of income, vehicle ownership, restaurants with limited services, fast food
restaurants, and convenience stores on access to the healthy food outlets in food oasis
areas. The preliminary analysis of the multiple regression analysis showed that
eliminating ethnicity (Hispanic, Asian, and Arab) and gender (male, female) variables
would improve adjusted R Square, which mean model will better explain the variance of
the dependent variable by the explanatory variables. As illustrated in Table 20, the
regression model with predictors of race, income, and vehicle ownership, restaurants with
limited services, fast food restaurants, and convenience stores has an Rsqure of 0.522,
which means 52.2% of the variance in access to healthy food outlets in food oasis areas
explained by race (white, black), level of income (low income , low middle income,
middle income, upper income level, vehicle ownership), and unhealthy food outlets
(restaurants with limited services ,fast food restaurants, and convenience stores).
Table 20
Model 1 Summary Analysis
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The results of the ANOVA analysis as presented in Table 21 shows the statistical
significance of the result. The F-statistic (87.131) is statistically significant (sig = .000;
this means p < .0005) and shows that the model is acceptable.

Table 21
Model 1 ANOVA Analysis

The multiple regression analysis presented in Table 22, illustrates that all of the
explanatory factors except upperinc (households with upper level of income) participate
in impacting access to the healthy food outlets in food oasis areas. The variables of
White, Black, Lowerinc, and middelinc have negative impacts on access to the healthy
food, while lowermid, vehicle ownership, restaurants with limited services fast food
restaurants, and convenience restaurants have positive impact on access to the healthy
food.
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Table 22
Model 1 Cofficients Analysis

The coefficients table indicates which one of the variables included in the model
contributed to the prediction of the dependent variable. We have to look at Column B
under unstandardized coefficients for regression equation. According to Esmaeili and
Eydgahi (2014), any variables that have t-values larger than 1.96 for positive
relationships and smaller than -1.96 for negative relationships and have a p-value less
than 0.05 are statistically significant. Column B represents the values for the regression
equation for predicting the dependent variable from the independents variable. The
regression equation could be presented as
Y= B0 +B1*x1+ B2*x2 + B3* x3 + B4* x4 + B5* x5 + B6* x6 + B7* x7 + B8* x8 +
B9* x9.
Comparisons of the coefficient on the race categories, shows that Black population has
more linear negative impacts on access to the healthy food outlets in food oasis than
white population. By comparing the coefficient of Black and white populations we can
conclude that Black population has less access to the healthy food outlets in food oasis
than white population. Also, by comparing the coefficients of different levels of income,
we can conclude that populations with lower and middle income have lower access to
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healthy food outlets in food oasis than low to mid income. Also, restaurant with limited
services, fast food restaurants and convenience stores show linear positive relationship
with the dependent variable.

Model 2: The number of unhealthy food outlets (beer and Ale-retail, convenience stores,
liquors-retail, win-retail, food-carry out, pizza, restaurants with limited service, and
sandwiches) has been held as a dependent variable (y).
The second model has formed to evaluate the impacts of the explanatory factors of race,
level of income, vehicle ownership, healthy food outlets (e.g., grocery stores)on access to
the unhealthy food outlets in food oasis areas. The preliminary analysis of the multiple
regression analysis showed that eliminating ethnicity (Hispanic, Asian, and Arab) and
gender (male, female) variables would improve adjusted R Square, which mean model
will better explain the variance of the dependent variable by the explanatory variables. As
illustrated in Table 23, the regression model with predictors of race, income, and vehicle
ownership, healthy food outlets has an Rsqure of 0.491, which means 49.1% of the
variance in access to unhealthy food outlets in food oasis areas explained by race (white,
Black), level of income (low income, low middle income, middle income, upper income
level, vehicle ownership), and healthy food outlets.
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Table 23
Model 2 Summary Analysis

The results of the ANOVA analysis as presented in Table 22 shows the statistical
significance of the result. The F-statistic (86.678) is statistically significant (sig = .000;
this means p < .0005) and shows that the model is acceptable.
Table 24
Model 2 ANOVA Analysis
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Table 25 illustrates coefficients values and their significant using the multiple
regression analysis for model 2, which could be used to identify the impacts of each
explanatory factor on access to unhealthy food outlets in food oasis area. We have to look
at Column B under unstandardized coefficients for regression equation. Column B
represents the values for the regression equation for predicting the dependent variable
from the independent variable. The regression equation could be presented as
Y= B0 +B1*x1+ B2*x2 + B3* x3 + B4* x4 + B5* x5 + B6* x6 + B7* x7 + B8* x8.
According to Table 23, the p-value and t-values associated with black and white
populations do not meet the required threshold and do not participate in explaining the
variances in dependent variable. Except Black and white populations, the rest of the
variables are statistically significant and participate in explaining 49.1 percent of the
variations in access to unhealthy food in food oasis. For every unit increase in low
income, we expect a 6.6 unit increase in in the number of unhealthy food outlets (e.g.,
fast food restaurants). For every unit increase in low middle income, we expect a 0.1-unit
increase in in the number of unhealthy food outlets. For every unit increase in middle
income, we expect a 1.04 unit increase in in the number of unhealthy food outlets. For
every unit increase in vehicle number, we expect a 3 unit decrease in in the number of
unhealthy food outlets. Also, by comparing the coefficients of different level of income,
we can conclude that population with low income has higher access to unhealthy food
outlets in food oasis than low middle income, middle income and upper income. The
result shows the population with access to vehicle has negative impact on access to
unhealthy food outlets, which means people who do not have vehicles have more access
to unhealthy food outlets in food oasis area.
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Table 25
Model 2 Coefficients Analysis



Quantitative regression models for ½ mile walking distance to healthy food in
food desert area. There are two regression models:

Model 3: The number of healthy food outlets (grocery-retail, food market, food productsretail, farm market, delicatessens, fruits and vegetables produce-retail, and meat-retail)
stores has been held as a dependent variable (y).
The third model was formed to evaluate the impacts of the explanatory factors of race,
level of income, vehicle ownership, unhealthy food outlets (restaurants with limited
services, fast food restaurants, and convenience stores) on access to the healthy food
outlets in food desert areas. The preliminary analysis of the multiple regression analysis
showed that eliminating ethnicity (Hispanic, Asian, and Arab) and gender (male, female)
variables would improve adjusted R Square, which mean model will better explain the
variance of the dependent variable by the explanatory variables. As illustrated in Table
26, the regression model with predictors of race, income, and vehicle ownership,
unhealthy food outlets (restaurants with limited services, fast food restaurants, and
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convenience stores) has an Rsqure of 0.560, which means 56% of the variance in access
to healthy food outlets in food desert areas explained by race (white, black), level of
income (low income , low middle income, middle income, upper income level, vehicle
ownership), and unhealthy food outlets (restaurants with limited services ,fast food
restaurants, and convenience stores).
Table 26
Model 3 Summary Analysis

The results of the ANOVA analysis as presented in Table 27 shows the statistical
significance of the result. The F-statistic (87.131) is statistically significant (sig = .000;
this means p < .0005) and shows that the model is acceptable.
Table 27
Model 3 ANOVA Analysis

Table 28 illustrates coefficients values and their significance using the multiple
regression analysis for model 3, which could be used to identify the impacts of each
explanatory factors on access to healthy food outlets in food desert area. We have to look
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at Column B under unstandardized coefficients for regression equation. Column B
represents the values for the regression equation for predicting the dependent variable
from the independent variable. The regression equation could be presented as
Y= B0 +B1*x1+ B2*x2 + B3* x3 + B4* x4 + B5* x5 + B6* x6 + B7* x7 + B8* x8 +
B9* x9.
As illustrated in Table 28, the results of the regression analysis show that the
following variables are not significant: white population, low middle income, middle
income, and upper middle income because they did not meet the requirements for t-value
(< -1.96) and the p-value threshold (p-value < 0.05). However, the low-income and
vehicle ownership variables are significant (t-value <-1.96) and bigger than the required
threshold and meet the p-value threshold (p-value <0.05). The coefficient for low income
is -.005, so for every unit increase in healthy food outlets, the low income population
decreases by 5 units, holding all other variables constant.
By comparing the coefficient of Black and white populations we can conclude that Black
population has less access to healthy food outlets in food desert area, while white
population is not significant. Also, by comparing the coefficients of different level of
income, we can conclude that populations with low income has less access to healthy
food outlets. While the rest of the income categories are not significant, which means that
low middle income, middle income, and upper income do not contribute in explaining the
variables that impact access to healthy food outlets in food desert. However, the result
shows people with vehicles have more access to healthy food outlets.
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Table 28
Model 3 Coefficients Analysis

Model 4: The number of unhealthy food outlets (beer and Ale-retail, convenience stores,
liquors-retail, win-retail, food-carry out, pizza, restaurants with limited service, and
sandwiches) has been held as a dependent variable (y).
The fourth model has formed to evaluate the impacts of the explanatory factors of race,
level of income, vehicle ownership, healthy food outlets (e.g., grocery stores)on access to
the unhealthy food outlets in food desert areas. The preliminary analysis of the multiple
regression analysis showed that eliminating ethnicity (Hispanic, Asian, and Arab) and
gender (male, female) variables would improve adjusted R Square, which mean model
will better explain the variance of the dependent variable by the explanatory variables. As
illustrated in Table 29, the regression model with predictors of race, income, and vehicle
ownership, healthy food outlets has an Rsqure of 0.616, which means 61.6% of the
variance in access to unhealthy food outlets in food desert areas explained by race (white,
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black), level of income (low income, low middle, middle income, and upper income,
vehicle ownership), and healthy food outlets.
Table 29
Model 4 Summary analysis

The results of the ANOVA analysis as presented in Table 30 shows the statistical
significance of the result. The F-statistic (86.678) is statistically significant (sig = .000;
this means p < .0005) and shows that the model is acceptable.
Table 30
Model 4 ANOVA Analysis

Table 31 illustrates coefficients values and their significance using the multiple
regression analysis for model 4, which could be used to identify the impacts of each
explanatory factors on access to unhealthy food outlets in food desert area. We have to
look at Column B under unstandardized coefficients for regression equation. Column B
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represents the values for the regression equation for predicting the dependent variable
from the independent variable. The regression equation could be presented as
Y= B0 +B1*x1+ B2*x2 + B3* x3 + B4* x4 + B5* x5 + B6* x6 + B7* x7 + B8* x8.
As illustrated in Table 29, the results of the regression analysis show that the following
variables are not significant: white population, low middle income, and vehicle because
they did not meet the requirements for t-value (< -1.96) and the p-value threshold (pvalue < 0.05), while the Black population, low income, middle income, and upper income
are significant.
The coefficient table shows the white population, low middle income, and vehicle
have no significant coefficient in explaining the access to unhealthy food outlets in food
desert area. Also, by comparing the coefficients of different level of income, we can
conclude that population with low income has higher access to unhealthy food outlets in
food desert than middle income and upper income.
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Table 31
Model 4 Coefficients Analysis



Compare Models results in ¼ mile network-based walkable area (food oasis)
to healthy and unhealthy food
This section will compare the impacts of the independent variables calculated

from the first and second models. In the first model, the healthy food outlet is the
dependent variables, this study found that all of the independent variables impact the
access to healthy food outlets in food oasis except upper income. In the second model,
the unhealthy food outlet is the dependent variables. The result shows that race (Black
and white) do not impact in the access to unhealthy food outlets in food oasis area.
However, upper income, low middle income, middle income, low income, and vehicle do
impact the access to unhealthy food outlets in food oasis area. The impact of the
individual variables on both models are summarized in Table 32.
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Table 32
Comparing the Results of Two Regression Models in ¼ Mile Network-Based Walkable
Area

Variable



First Model

Second Model

(DV: healthy food outlets )

(DV: unhealthy food outlets)

B

Significant

B

Significant

Black population

-0.0000527

Yes

0.000019

No

White population

-0.0000677

Yes

-0.000026

No

Low-middle income

.001

YES

.001

YES

Low income

-.006

YES

.066

YES

Middle income

-.020

Yes

.104

Yes

Upper income

000

No

.065

Yes

Vehicles

.013

Yes

-.030

Yes

Compare Models results in ½ mile network-based walkable area (food
desert) to healthy and unhealthy food outlets.
In the third model, the healthy food outlet is the dependent variable. This study

found that the following independent variables white population, low middle income,
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middle income, and upper income do not impact the access to healthy food outlets in food
desert area. While the rest of independent variables Black population, low income, and
vehicle do impact the access to healthy food outlets in food desert area. In the fourth
model, the unhealthy food outlet is the dependent variable. The results show that the
white population, low middle income, and vehicle do not impact access to unhealthy food
outlet in food desert area, while the Black population, low income, middle income, and
upper income do impact the access to unhealthy food outlet in food desert area. The
impact of the individual variables on both models are summarized in Table 33.
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Table 33
Comparing the Results of Two Regression Models in ½ Mile Network-Based Walkable
Area

Variable

Third Model

Fourth Model

(DV: healthy food outlets )

(DV: unhealthy food outlets)

B

Significant

B

Significant

Black population

-0.00000838

Yes

-0.000022

Yes

White population

-0.00000745

No

-0.0000051

No

Low-middle income

.001

No

-.001

No

Low income

-.005

YES

.029

YES

Middle income

-.003

No

.036

Yes

Upper income

-.002

No

.021

Yes

Vehicles

-0.00000788

Yes

-0.000062

No
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Summary
This study had used applications such as Microsoft Excel, SPSS, and Arcmap to
analyze the collected data including demographic and socio economic characteristics,
healthy and unhealthy food outlets SIC codes. Many applications from Arcmap were
used in this study for example, network analysis extension was used to create networkbased walkable area for food oasis and food desert. After applying areal interpolation
technique by using modelbuilder extension the researcher populated the standardized
variables to ¼ and ½ mile network-based walkable area and then illustrated the
demographic and socio economic characteristics of Wayne County in maps. Also,
Microsoft Excel used to standardize the variables that had been included in the study.
SPSS has been used to test the hypotheses and performed the regression models. This
study explored the relationship between demographic characteristics (race, ethnicity, and
gender) and socioeconomic characteristics (level of income and vehicle ownership) and
access to healthy food outlets in food oasis and food desert areas.
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Chapter 5. Discussion, Conclusions, and Implications
Chapter five is divided into the following sections: overview of the study,
discussion of the findings, analysis of research conclusions, implications of the study’s
results, limitations of the research, and recommendations for future research.
Overview of the Study
This study attempted to explore the relationship between demographic and socioeconomic characteristics and access to healthy food outlet in food oasis and food desert
areas. In addition, another important goal of this research was to create statistical models
to assess the effect of the selected explanatory variables such as race, level of income,
and vehicle ownership on access to healthy food outlets in food deserts and food oases. In
other words, these models can be used to find out how much the variables that have been
selected can explain the type of food outlets, whether healthy or unhealthy, and how
much variance in food oasis and food deserts can be explained by the selected variables.
Finally, this study examined whether the low access to healthy food outlets could
increase the geographical exposure to unhealthy food outlets in food desert.
Discussion
This research created ¼ network-based walkable distance to healthy food
outlets (food oasis) and ½ mile network-based walkable distance to healthy food outlets
(food desert) in Wayne County to examine the relationship between demographic and
socioeconomic characteristics and access to healthy food outlets. This research tested 12
hypotheses to assess the factors that might affect the access to healthy food outlets. Also,
this study examined whether the lower access to healthy food outlets could increase the
geographical exposure (higher access) to unhealthy food outlets in food desert areas. The
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result of the correlation analysis showed that there are two null hypotheses of H08b and
H010a failed to reject. H08b shows there is no significant relationship between access to
healthy food outlets in food desert areas and ethnicity (Asian) in the Wayne County area.
While H010a shows there is no significant relationship between access to unhealthy food
outlets in food desert areas and ethnicity (Asian) in the Wayne County area.
This analysis showed that almost all of the selected variables have negative significant
correlation with access to healthy food outlets in food oasis and food desert areas. Also,
the correlation analysis illustrated that race has a weak negative correlation with access to
unhealthy food in food deserts. While, in food oasis areas, all of the independent
variables showed small significant negative correlations with access to unhealthy food
except Asian.
After testing the hypotheses through correlation analysis, this study formed two
groups of regression models to examine the impacts of each variable on access to healthy
food and unhealthy food outlet on food oasis and food desert area. In the first group, this
study formed two regression models to examine the impact of the independent variables
on access to healthy food outlets in food oasis areas (1/4 mile network-based walkable
area) and more exposure to unhealthy food. The second group, formed two regression
models to examine the impact of the independent variables on access to healthy food
outlets in food desert areas (1/2 network-based walkable area) and more exposure to
unhealthy food outlets. In the first model all independent (white, Black, levels of income,
and vehicle) variables impact the access to healthy food outlets in food oasis except upper
income, which is not significant. However, in ½ mile (food desert), the third model where
healthy food outlet is the dependent variable shows that only Black, low income, and
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vehicles impact the access to healthy food outlet. Regarding ethnicity in the food oasis
and food deserts, the models show that race, including Hispanic, Asian, and Arab, and
gender do not impact the access to healthy food outlets nor unhealthy food outlets.
In contrast, the second model shows the race (white, Black) has no impact in the
access to unhealthy food outlets in food oasis areas. On the other hand, the results of the
regression analysis showed that the rest of the factors (levels of income and vehicle
ownership) impact the access to unhealthy food outlets in food oasis areas. Also, the
fourth model shows white population, low middle income, and vehicles do not impact the
access to unhealthy food outlets in food desert area. Black, low income, middle income,
and upper income variables impact the access to unhealthy food outlets in food desert
areas.
Research Conclusions
In this study, five research questions were addressed. These questions and the
obtained results are discussed as follows:
Research Questions 1 and 2:
Q1: What is the relationship between the demographic characteristics (race, ethnicity, and
gender) and access to healthy food outlets in food oasis and food deserts areas?
Q2: What is the relationship between the socioeconomic characteristics (household
income levels, vehicle ownership) and access to healthy food outlets in food oasis and
food desert areas?
This study identified four possible factors—race, ethnicity, income, and gender—
that could define or highlight the socioeconomic characteristics that impact the access to
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healthy food outlets in food oasis. This study formed and examined 8 null hypotheses to
answer these two questions. The following null hypotheses—H01a, H01b, H02a, H02b,
H02c, H03, H04, H07a, H0b, H08a, H08c, H09, H010—were rejected, which means that
race, ethnicity, income, and gender have small to medium negative correlations.
However, H08b failed to reject, which means there is no significant relationship between
access to healthy food outlets in food desert areas and ethnicity (Asian) in the Wayne
County area. But the Asian ethnicity has a small significant relationship to access to
healthy food outlets in food oasis areas.
Research Questions 3 and 4:
Q3: Are there any significant differences in the demographic and socioeconomic
characteristics between food oasis and food desert areas?
Q4: Is there any possible relationship between the existence of food deserts and more
geographical exposure to unhealthy food outlets such as fast food restaurants, liquor
stores, and convenience store?
To answer these two questions, this study tested H05, H06, H011, and H012. All
the hypotheses were rejected. Also, to answer these questions we compare the results of
the four models ¼ mile (food oasis) and ½ mile (food desert) in Wayne County.
The results of the models show that there are significant differences in the
demographic and socioeconomic characteristics between food oasis areas and food desert
areas. The results in Table 34 show that in food oasis areas, race (White and Black) has
negative access to healthy food outlets; it also shows that the White population has
slightly better access to healthy food outlets than the Black population. However, the race
has no significant impact on access to unhealthy food in food oasis areas. Also, the low108

income population has significant impact on access to healthy food outlets in food oasis,
while this population has positive relationship to access to unhealthy food outlets in food
oasis. In other words, from this analysis we can conclude that low-income population
have less access to healthy and more access to unhealthy food outlets in food oasis areas.
Furthermore, the results show that people with vehicles have positive impact on access to
healthy food outlets, while they have negative impact on access to unhealthy food outlets.
In conclusion, the people with access to vehicles have better access to healthy food
outlets, while people with less access to vehicles have better access to unhealthy food
outlets in food oasis areas.
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Table 34
Comparing the Results of Two Regression Models in Food Oasis

Variable

First Model

Second Model

(DV: healthy food outlets )

(DV: unhealthy food outlets)

B

Significant

B

Significant

Black population

-0.0000527

Yes

0.000019

No

White population

-0.0000677

Yes

-0.000026

No

Low-middle income

.001

YES

.001

YES

Low income

-.006

YES

.066

YES

Middle income

-.020

Yes

.104

Yes

Upper income

000

No

.065

Yes

Vehicles

.013

Yes

-.030

Yes
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In contrast, the results in Table 35 show that in food desert areas, race (White) has
no significant impact on access to healthy or unhealthy food outlets, while the Black
population has negative access to both healthy and unhealthy food outlets in food desert
area. However, Black population has higher access to unhealthy food outlets compared
to access to healthy food outlets in food desert areas. Moreover, the results from models
three and four show that the low-income population has negative access to healthy food
outlets, while they have positive access to unhealthy food outlets. That means people
with low income have more access to unhealthy food than access to healthy food outlets
in food desert areas. Regard to vehicle ownership, there is a negative relationship
between vehicles and access to healthy food outlets, while there is no relationship with
access to unhealthy food outlets. That means people with less access to vehicles have
lower access to healthy food outlets in food desert areas.
Comparing the models between food oasis and food deserts, we can conclude that
there are differences in the demographic and socioeconomic characteristics between food
oasis and food desert areas. Also, Black and low-income populations have more
geographical exposure to unhealthy food outlets in both food oasis and food deserts.
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Table 35
Comparing the Results of Two Regression Models in Food Desert

Variable

First Model

Second Model

(DV: healthy food outlets )

(DV: unhealthy food outlets)

B

Significant

B

Significant

Black population

-0.00000838

Yes

-0.000022

Yes

White population

-0.00000745

No

-0.0000051

No

Low-middle income

.001

No

-.001

No

Low income

-.005

YES

.029

YES

Middle income

-.003

No

.036

Yes

Upper income

-.002

No

.021

Yes

Vehicles

-0.00000788

Yes

-0.000062

No
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Research Questions 5:
Q5: Can a quantitative regression model be formulated to explore the relationship
between the socioeconomic and demographic characteristics and the existence of food
deserts and food oases?
After testing the hypotheses correlation, this study utilized multiple regression to
create four regression models to answer this question. For the food oasis area: in the first
model, the healthy food outlet is the dependent variable. The predictor’s variables are
race (white and Black) the four categories of household level of income, vehicle
ownership, and unhealthy food outlets (e.g., convenience stores). R Square is .522; this
means our model explains 52.2% of the variance in access to healthy food outlets in food
oasis areas. The model shows that all of the independent variables except upper class
impact the access to healthy food outlets. In the second model, the unhealthy food outlets
is the dependent variable. In this model, the R Square is .491, which means that our
model explains 49.1% of the variance in access to unhealthy food outlets. Except the
White and Black population, all other variables impact the access to unhealthy food
outlets. The common variables between two models are the income and vehicle.
For food desert, two regression models have been performed. In the third model,
the access to healthy food outlets is the dependent variable. The predictor’s variables are
race (white and Black), the four categories of household level of income, vehicles, and
unhealthy food outlets. In this model, the R Square is .560; this means that our model
explains 56% of the variance in access to healthy food outlets in food desert area.
In the fourth model, the number of unhealthy food outlet is the dependent
variable. In this model, the R Square is 0.616; this means 61.6% of the variance in access
113

to unhealthy food outlets in food desert areas explained by race (white, Black), level of
income (low income, low middle income, middle, and upper income, vehicle ownership),
and healthy food outlets.
Conclusion
From the correlation analysis related to access to healthy food outlets in the oasis
area, this study found that there is negative correlation between race (white, Black) and
access to healthy food outlets. Also, this analysis shows all ethnic groups (Hispanic,
Asian, and Arab) have negative correlation to healthy food outlets. For the level of
income, all the categories show weak negative correlations to healthy food outlets.
Moreover, this study found weak negative correlations between ethnicity (Hispanic,
Arab) and more access to unhealthy food outlets but no significant relationship between
Asian and more access to unhealthy food outlets.
The correlation analysis related to access to healthy food outlets in the food desert
area shows that there is a small negative correlation between race and access to healthy
food outlets in food desert area. There is also a small negative correlation between
Hispanic and Arab and access to healthy food outlets in food desert areas, but there is no
correlation between access to healthy food outlets and the Asian population. In addition,
for level of income, the analysis shows that there is a small negative correlation with all
the levels of income except the low income that shows medium correlation. For the
correlation analysis related to race and more geographical exposure to unhealthy food
outlets, the result shows there is a small negative correlation between race and unhealthy
food outlets. Also, there is a one-tail small significant correlation between the Asian
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population and unhealthy food outlets, and a small negative two-tail significant
correlation between the Hispanic and Arab populations and unhealthy food outlets.
This study defined a food oasis as a ¼ mile walking distance to healthy food
outlets, and food desert as a ½ mile walking distance to healthy food.
The result of regression analysis in food desert areas shows that the Black and
low-income populations have significant relationships with food deserts. This means that
Black and low-income populations are more likely to be located in food desert areas,
which confirms the results of other studies by Morland et al. (2000) and Raja et al.
(2008). Also, Black and low-income groups have more geographical exposure to
unhealthy food outlets, which confirms the result of the study by Morland et al. (2000). In
contrast, this study could not find any relationship between food deserts and the White,
middle-income, and upper middle-income population.
However, the result of regression analysis in food oasis areas shows that race
(white, Black) does not impact access to unhealthy food, while it does impact access to
healthy food outlets. The differences between the two coefficients of Black and white is
very small, but we can conclude for each unit increase of healthy food outlets, there is
less decrease in the white population than in the Black population. In other words, the
white population has more access to healthy food outlets than the Black population in
food desert area. Also, low-income population has less access to healthy food outlets and
more access to unhealthy food in both food oasis and food desert areas.
Research Implications
Many of the previous studies have been conducted across some areas in the
United States and other developed countries such as France, the United Kingdom, and
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Australia (Block et al., 2004; Rigby et al., 2001; Burns & Inglis, 2007; Smoyer et al.,
2008; Hallett & MaDermott, 2011; Beaulac et al., 2009; Whelan et al., 2002; Bader et al.,
2010; Hubley, 2011; Ball et al., 2008), but no study has focused on the impact of
demographic and socioeconomic characteristics on access to healthy food outlets in food
oasis and food desert areas in Wayne County, Michigan. In addition, most of the previous
studies focused on white and Black populations and low incomes, while this study tried
to explore more demographic and socioeconomic characteristics such as ethnicity
(Hispanic, Asian, and Arab), gender, and vehicle ownership and how these variables
could impact the access to healthy food outlets in food oasis and food desert areas. Also,
this study examined whether the absence of healthy food outlets leads to more
geographical exposure to unhealthy food outlets in Wayne County. Also, this study
compared the socioeconomic characteristics between ¼ mile food oasis and ½ mile food
desert areas surrounding the healthy food outlets, while most of the previous research has
been studying just the food desert areas without considering food oasis areas.
In summary, this study has found that the most important variable that impacts
access to healthy food outlets is the income variable. Whether the low-income population
lives within what is considered food oasis area or food desert area, they are the most
vulnerable group among the population. Another important finding of this study is that
the low-income population and Black, have more access to unhealthy food outlets than to
healthy food outlets, and this result is consistent with the results from the previous
studies. Several studies have shown that the absence of accessible to healthy food will
cause the growth of the number of fast food restaurants and convenience stores, which
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will influence the public health (Galvez et al., 2008; Kwate & Loh, 2009; Powell et al.,
2007; Moore & Diez Roux, 2006; Hinrichs, 2010; Block et al., 2012).
Although the issue of food desert and food oasis is controversial, this study tried
to shade some light in regards to this controversial issue by considering ¼ mile walking
distance access to healthy food outlets as a food oasis, and ½ mile walking distance
access to healthy food outlets as a food desert. This study attempted to identify some of
the main factors that impact access to the healthy and unhealthy food. The finding of this
study could be a road map and framework for future studies to detect and identify the
primary factors that impact access to healthy food and unhealthy food. For example,
future studies could focus on other possible factors such as weather condition, walking
trail, access to public transportation, and health condition and age of the family. Also,
future studies could evaluate to healthy food by evaluating the shorter walking distances
for places with severe weather, access to transportation, and age of the family. For
instance, although this study and several studies have considered walking distances as an
indicator of having access to healthy and unhealthy food, this walking distance could be
influenced by some other factors such as weather condition, walking trail, public
transportation, and the age of the people. Not only can this study be used to identify the
food access discrimination but also could be used to examine the access of food deserts
and food oasis on the health of the people who live in these places.
The other important implication of this research is the impact that could have on
the decision of the law makers. This study and other supportive studies could be used by
the policy makers and law makers to focus and create laws and policies that could
eliminate the food disparity among food deserts and food oasis areas.
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Research Limitations and Future Studies
This study had several limitations as described:
1. Due to the complexity of the food desert and food access issues, this study could not
identify all the variables that impact food desert. There could be other latent variables
that could be considered as predictors of the food deserts and food oasis in Wayne
County.
2. The scale of the area in this study is Wayne County. Selecting a different scale, such
as a city boundary, could provide better insight regarding food desert issues.
3. This study collected its secondary data from the Census Bureau website for
demographic and socioeconomic data and TIGER files for the year 2010. And for other
GIS needed data, such as street networks, this study has been utilizing MI Geographic
Data Library. For the SIC code this study has used reference USA database.
4. This study examined only the following variables: race (White and Black), ethnicity
(Hispanic, Asian, and Arab), gender, household income, and the vehicle ownership.
5. This research studied the demographic and socioeconomic characteristics within ¼ and
½ mile network-based walkable area surrounding healthy stores and did not study the
demographic and socioeconomic characteristics within the rest of the Wayne County
area.
6. This study included all the stores falling under the following SIC codes: 541105,
541101, 541104, 543102, 581209, 543101, and 542107.Also, this study considered these
SIC codes as healthy food outlets.
7. This study considered the following SIC codes as unhealthy food outlets: 592104,
541103, 592102, 592103, 546105, 581222, 581208, and 581219.
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Based on the results of the research and the study limitations, the following future
research is recommended:
1. Future studies could focus on different study scale areas, such as city
boundaries, and choose similar cities across the United States and compare the results.
For instance, future studies could compare Detroit, MI, and Cleveland, OH, because these
two cities share a similar situation. Both used to be highly populated cities, both are inner
cities, and both share similar demographic and socioeconomic characteristics.
2. Future studies could link the food outlets and health outcomes such as obesity.
3. Future studies could focus on the city of Detroit, MI, and include the crime
numbers and how this variable could influence the access to healthy food outlets.
4. Future studies could focus on and identify other variables that influence the
food desert issue.
5. Future studies could cooperate with city planners and decision makers to utilize
GIS technology to find out the best place for new healthy grocery stores.
6. Finally, future studies could cooperate with transportation departments to use
GIS technology to develop new bus routes around the low-income areas to give the
residents more access to healthy food outlets.
7. Qualitative research methodology could be used to identify more factors that
impact access to healthy food outlets in food desert.
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